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ﬂ ARSTRALCT

rata of  the HRoerrees

Foeermation, which oconsis af  alay,

one  and conglomerate, were sbudied iv detail at

a

iy sards
thvres localities; namely Dhak Maiki the stratobyvps in the Pobware

am Ghovead and ab Pathan Alpgad. The latter twoe localities ars

5 T m

the principal veference secbions dn bthe Kohal R

Bl Ohveds Madlked the Mueree Formation unconformably overlies the

Eocene Chorgalid Formabion and consiebs of % major sand-bodies which

ravige in bhickoness Trom 4m bo &682m. The basal sand-body DML dis G8wm

thodoebe wi a promineat conglomerate wanit at the b vy oof

reworked  lLimestone colasts  from  bthe Chorgali Formation. These

into sandstone sugpesting the widening and stabilizebtion of the

g

F

]

Focoviglomerate beds become more laterally extensive and pass upward
ehanvel with time.

Al Ghorzaid the formabion consists of 45 percent of sandshone
[

gowicth subeordinate conglomerate and 5% percent of o©

av.  The sand-
h bodies are thin din size in the lower levels and pget thicker in the

middle and upper levels.

At Fathan Algad the Marree Formabtion consis of two perominent

D sand-bodiesy one in the lower level and obher in the middle level.

af dnberbedded sandstone and

Feal of the section either consis

-3
$
i
i




lml&y Tacies or only clay Ta

g
Wi

EAREd Y

Iﬁtﬁ?ﬁ&llya the sandstone displave a variebty of feal

as megaripples, small scale climbing ripples, trough cross-bedding,

Wi, TR sand- bodi

}rnrﬁixmﬁtal lamination and are mas

bvavr deposi

Ech maciv channel, point bar, and chube

wivich cecerlie the composite sandsbone

savdeborne and clay facile

Faoie TEEETh Crevasse

splay or leves depositse. The red clay was

[ S

et of swspensidon. The palecchannesl

e g g A Tlood plain areas

sdiments were deposited ag a resullt of

artalvais sugyest bhalt thess

I bed-Lload, mixed-load, and by suspension-load mechanisms.

a7t ddenbified in the field.

The following lithofacies have be

Llimdd Tormagh cross-bedded/massive conglomnerate,

Lithofaci

Cladthofacies (Ghpd Trough/planar cross-bedded sandstone, Lithofacies

TXBRLY Low angle toe plane-bedded sandstone, Lithofac: (G Rippled

sandstorne, Lithofacies (F1) Interbedded sandstone and clay facies,
Cand Lithofacies (Fe) Massive red olavs.

Comparison of the Murree Formation ab three sbudied localitie
;fmimmﬁmt That the Dhol Maikil ares marks the inditiation of th@lﬂufw@@
river system. On bthe obther hand bhe Pathan flgad area laid al the
f@@ﬁtevﬁ margin where only occasionally the main civer flowed. The
Ghorzai area Lied within the btwo extreme margins of the waivn Merrees
civer system. Rdditionally there may be & considerable age

3

Teefisescenes




- %]

v

difFference betwesn the exposure

Placi b

i o scathern Fobat and bhat of Dhod

i Fobwar ares.

The provenancs shudies of the sandsbtone of FMurres Formabion

EARRV VLS

noeehi,

e

combination of b

the supply of wmaterial from the orogenic belbts bo the
Majority of the samples supgygest reoveled orogsn provenancs
from collision  ovroegen or foreland uplift  sowrces o
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CHumTER: 1

| INTRODUCTION

This study deals with the Murree Formation which is the basal

unilt (Tab. 1.1 of the Rawalpindi Group (Shah, 1977).

! Rocles of the Rawalpindi Group form part of the sub-Himalayva

along the soubthern margin of the main Himalayan

Iand are dietbeibut
ranges which are cut off in the noreth by the Main Boundary Thrust.
These rocks are scatbtered up to nerthern Indian Flain, coming bo
the souwkh bhese rocks enter Jammuw to Hazara- Kashmie Synbaxis, and
' forom there these rocks extend towards the Salt Range and thin out

’in southwest of Kohat Fig. 1) (Bossart and Obbtiger, 13989 .

. The Merree Foemabion ds composed of clay, sandstone,
siltestone and conglomerate., Sandstone is marcon purple and grayish
in color and dominantly m@diumwgfaiﬂ@d" Clay is reddisth, brownish
and purple in color. Basal conglomeratic unit of the formabtion at
stratotype has been designated as Fatebhjang member (Shah, 1977). Tt
consists of reworked fossils from the underlying Eocene formations,
plant remains, animal remains, and pieces of silicified wood., The
foermation ds well exposed in the eastern Kobat, northern Fobwar and
’ in the Mazara-Kashmir synbtaxisg. Its thickness generally increases

northward, The formation is diachromousy 40ma old in Hazara-Kashmir

l Syntaxis (Hossart and Ottiger, 1989, and 18-26ma old in Kohabt-



z”'l"’:'\‘l“""»""" roarea {(SGhabhy, 1977). The overlying Kamlial Formation consiste
] of purple g ey and marcon sandstoneg which is bhard and mediam-
fgrained. Interbeds of haed purple shale and lenses af

Hintraformational conglomerate of yellow and purple color occur at

different intervals (Fatmi, 1973).

deposits

Strata of the Muerres Formation are the sarly molasse
of the Himalayarn foreland basio. The  foreland Frave d v i
characterized by the scouwbhward migerating depositional basin dn

response bo the deformation of the orogenic belt (Raynold and

Johnson, 198%). These sediments in the Kohat Potwar Plateaw are
texpased in an approximately 100 Km wide foreland fold-thruast belt
!

CAFA . #)a

} Faleocene~Eocene deposits are separated from FPaleozoic and
TMesozoic marine shelf sediments below by a major regional
; uncanformity and are separated from younger Himalayan molasse
| (Rawalpindi Group and Siwalils Group) by a repgional paraconformity

that represents non-deposition with little ercsion and no fol dirg

Cduring late Eocene and Oligocens times (Wells, 1984).

‘ ol
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Tanoli et al., 1993).
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i.1 LOCATION

Re previously ouwbtlined, rocks of bthe Hawalpindi Group are
widely distributed in the northern Pakistan. Presenh worky however,
was done on sbrata of the Murree Formation at three better @xposed
locations (Fig. 33 the stratotype (labt. 3I3° 25 W and long. 787
3UEY to the north of the Dhok Maiki village in Atbtock District, bto
the east of Ghorzai village (lat.33" 31" M and lonyg. 71”° 44T on
Kohat-Rawalpindi road in Kohat District, and in Pathan Algad (lab
S3TLF 20" N and long. 71 87° E) near Braghdi village on  the
Kmhaﬁmﬁhakmrdawra'rmad:hﬁﬂmhatlﬁﬁtrictu The stratabype is located
in Mobwar Plateaw and the other twoe localities are in the HKohat
Flateauw., ALl of these sections are easily accessible by mebtalled

arnd wunmetalled roads. SBhah (1977, on the bases of faunal studies

assipgned an early Miocene age to the Murree Formabion.

i.2 PREVIOUS WORK

The economic evaporite deposite and interesting geology of
the HKohat Plateaw have abtbtracted geoscientists since late
F nineteenth cenbury onward. The ﬁait deposits of the area are
veferred in various published articles by a large ﬁumbmt o f
geologists of bthe Geolopgical Survey of India (Burnes, 1838y
 Kareten, 18460, tﬁmugh Little attention has been given to the

molasse sediments of the Kohat foreland basin.

Wynne (1874) described in detail the red sandstone and shales

ﬁwav the Murree hill station (&0 km northeast of Rawalpindi) and

&



called these as Mari Group. In this paper he deseribed the passaye

from Eocens shales to Mari seri

. In 1B77 Wynne gave Miocens age
to bhe Mardi Group and called these passage  bed from marine
sediments bo the conbtinental Siwalik series. M1 gredine (LBL0)  and
FiviFold (1918 concluded Murrees as entire v of cormbinental in
arigin. Base of the Murree Formation at the type locality, which is
congglomeratio, was namad as l'-'-'a’l‘;(e:-.!'t Jang zone by Finfold., Wadia (1986)
and {1931), accepted this terminology for the Kohat-Potwar province
and for the Poonch area. Gill (185 and Fames (1982 described
stratigraphy of the part of the region and proposed nomenclature

For Lhe diflferent rvock uniltse.

Systematic pgeological mapping of the area was carried oulb at

a scale of 1:125,000 in 1960 by the Geological Survey of Palbistan

and nited States Geological Surevey (Ralor and Jackson, 19645 Rashid

et al., 19653 Meissrer et al., 1974 and Callins et al., 1975 .

Meissrer et al., (1974), mapped the WKohat guadrangle and

sworkted  on the stratigraphy of the area. Finally in (1977

|
I

e =

Stratigraphic Commitiee of Pakisbtan named these rocks as FMurree

Hr g

Faormation and approved the term Rawalpindi Group which was
sugpgested by Finfold (1918) for the Micceneg rochks comprising the

Murres Formabion and the Kamlial Formation.
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Subsequent workers including Callkins et al., (197%), Latif

CLaoy,  Fabtmi (1975, Mei

ner  (19F4Y . and Tahirbkheli {1988,
ponsideced  Murres Feermatd on as  conbinernbal deposite. Werl s
(1983, 1984 discussed the depositional environments of the sarly
Focene  rocks parbicularly  the Kuldana formation. Bossart  and
Dtbigee (1989 described the rocks of the Murree Formabion as
indicator of the descending foreland basin of labe Paleoccene to
middle Eocene age. Thelr work ds based ondetailed sedimentological
and micropaleontological studies. Ahoad (1989 worked on the
sbructural peology and sedimentolagy of the area swreconding the
Shalkardarra town in Kohat Platean Tor his Ph. D dissertation, but he

has nolt done the sedimenbological studies of bthe Murree Formabion

1.3 PALEONTOLOGY

Generally the formation is poorly fossiliferous. Fatmi (13730
described BEocene derived fossils, pieces of silicified wood, plant
remains and frog and mammal bones. In the noerth near Balakob the

sacet & Qbbidger,

formation has yvielded nummulites and assilines (Ros
L9y o But in the studied area the formation consists only of brace
fossils. Verbical, obligue and horizontal tube like burrows are
present. In the Fatehjanyg member at the stratobype mammal remainsg

Hemimeryx sp. branchyodus,

including @mtHnracotiheriman Bugteinsi

gigantus, B.cf. anfricanus, Paleochoerus Pascoci and Teleceras

Fatehjangensis, are described by Fatmi (1973).

etrrestene
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i.4 SCOPE AMD PURPOSE OF THE PRESENT WORK

In the past there is nob any work done on the sedimentology
af the Murree Formation in Kohat-Fotwar Provinee. The purpose of

the present work is bwo folds

Lo~ To determine the depositional environments.

Far this purpose ovboerop sections were measwred. Lithelogic
characteristics and primary sedimerntary features wers recorded. On
this basis lithofacies were developed and their depositional

conditions were delineabed.

e~ To determine the provenance.

Faor provenancse sbtudies sixty samples were collected from the
Field, of which thirby thin sections were prepared. Detailed study

of the thin sections was done for debtermination of the provenance.

1.3 LAYOUT OF THE THESIS

Chapter 1 gives the general informations abouwt the area, its
ragional geocloygy, stratigraphy, previous  woark, purpose | arvd
nmethodology.

Chapter 2 describes in detail all the three sections, their

Lithostratigraphy, their sand-bodies and palecchannel analysis.

10



Chaplear % d iscusses in debtail generalized standard Lithofacies

,a nd their depositional interpretation.
J Chapbes 4 deals with the provenance of the formabion.

|

I research.

Chapter @ presents +the summary and conclusions of this

'1.& FIELD AND LABORATORY TECHNIGUES

‘ Field work was basic in the present research. It included
?(:I ebailed vertical Llithologic log preparation and the recording of
E|ffl'!“ imary sedimentary f c' atures such as bed thickhness, beds lateral
changs dv bhiclkness and pinching, characters of bedding planes,

vinbernal arranpenant  within dndividual beds Like horizonbal

bedding eto. and color.

lamination, orocsse

| Thin sechiong obtained from selected samples were examined
wging an Olympus pebrographic mi (:b'rc:ﬁ;m:x pe. These studies were done
primarily  For  provernance determination. Foint counting of the
grains was done. An average of 2050 counts per samples were made
depending on the grain size.

|

i-1.'47' FACIES AMD FACIES TERMINOLOGY

The wse of term facies is restricted bto the descripbion of the
i
|

rocks accarding to their color, nature of bedding, composition,

i 11



Chextwre, fossils and sedimentary structures. Ideally a facile
‘ﬁhmuid he & distinctive rock that form under cerbain conditions of

gedimentation reflecting &« particular process O an @ty ieanment.

all result from deposition

TThe rock btype observed in the study area
in a fluvial enviroonent. The terminology of Friend et al.y {1975

Chas been used bo desceribe various aspects of river Tlow and sand-

boddy gecmebry (Fig. 4).

L&
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1.8 REGIOMAL GECGLDGICAL SET-UP

‘J The noethern Pakistan cccupies an dmportant position in the
Mbectonic sel up of the central Asia. Tectonic junction of different
)i nheracting plabtes and microplates is present on an area of aboub

SBO0, 000 square lm (Farah et al. 1984) o with the following twe bypes

L:‘; T plate boundariess

}:I. " Corvergent plate Boundaries E characterizead 13%
’ contivent-continent collision.

LE o Transform boundaries (the Chaman Transform zone) chavracterized
I3

by wery large sbrike slip and lesser thrusting.

The Indo-Gangetic foreland basin was formed as a result of
collision of the Indian plate with the FEurasian plate during early
Focene or late Faleoccene bime HMolrnar anmd Tapponier, L1975). This

collision has shorbened the crust and has developed an extengive

system of southward directed thrusts and associated Tolding (Coward

‘ ek al., 19824 Greco et al., 1989 . These thrusts include the Main
i : ‘
Karalkoran Thrust (HMETY, the Main Manbtle Thrast MMTY, the HMain

i ‘

Boundary Threust (MRT) and the Salt Range Thrust (SRT) (Fig. 2). In
I]Iﬁ dia and Tibhet the Indus Tsangpo sabuwre marks the subduction zone
laf the two plates {(Gansser, 1977 bhut bhifurcates into Main Mantle

Therust and Main HKarakoram Thrust in NMorthern Pallistan (Tahirkheli

el al., 19792 (Fig. 1). Between the FMT and MET are the rocks of




Cphe Kohidsbtan dsland arve of labte Cretacecus a ge. Subduction of the

ieland are along the MHAT, during the

Indian plate beneath Kaobi
late Eocene, was the beginning of the continent-continent collision

{Tahirkheli, L1979, 1988,

The FMRKT separates bthe fOsian plate from the Kohistan island

arc. The rocke of the fsian plate are composed of gned
marhles and guartzite that range in age from late Faleczoic to

rly Tertiary Tahirkheli, 1979, The Kohistan dsland are mostbly

O & { [ ey T

cof amphibol ites, diorites, metanorites

granulites) and associated volcanic rocks {(Tahirkheli w 19790, The

!
l'JI ndiarn plate, at various dintervale, consists of variocus bthrust

fauwlts, @ gey the Main Boundary Thrust and Salt Range Theus Fig.

The MRT separates the pre-collision Faleozoioe and Mesaorodice
isae-:'d imentary rocks of the Indian plate | from the younger post-
collision Himalaysan molasse sediments. The MBT din the south is
divided into several branches which are se parated by deformed
terradins, whioch constitute & the MET zone. The ma Jeer faults from
;1'1(3'["':2]'] o south are Fanjal Fawlt, Islamabad Tawlt, Jhelum and Sall
Range thrusts. Potwar platean and Kohat plateaw are Llocated between

i

these faults (Fig. 2).

: Spdimentary and metasedimentary rocks of the Indian plate to
|
bhe souwth o of  PMHT form the Lesser MHimalava in Hazavra and Swat
|
|

| 15
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the collision between Fura

(Tahirckheli, 1982). Though melasse sedimentation started just after

ian and Indian plates, but it reached

Thin oul dn

pRahat-Fotwar BPlateaus much later. The molasse sedimnen
western Kohak, Molasse sedimentation in the Trans-Indus Ranges
gltarted labter than the Kohab-Potwar Flateavs as the depocentre

cmigrated souwbh- souwthwestward (Raynold & Johnsown, 19889 . In the

ibdon

Fohat-Fotwar Blateaus sedimentation was slow during the depos

lmf'hhwlﬁawalpiﬁdi Group and lower Siwalibe and increased up Lo 0. 30
|
immSyear during middle Siwaliks times (JTohwnson el al., 1928% . The

i

higher uplift rates coupled with the increased rates of bkasin
!

subsidence resulted in the increased rates of sedimentabion.

I

The Kohat Flateaw in dtself is a small scale fold thruast belt

rwhere  bthe internal deformation dis significantly higher. Eocene

imvapovit@ﬁ arvid Miocene molasse sediments are juxbtaposed along the
i

majer thrusts of the plateau.
|
‘ The Hawalpindd and Sdwalilk groups build up & considerable
fpart of the sub-Himalaya Torming a broad range along the southern
marygin of the main Himalayan ranges limited in the north by bthe

ENain Boundary Thrust MEBTY (Fig. 27 (Bossart and Obtiger, 1989).

The Murree Formation exposed in Kohat is a part of the Kohat
lquadrangle. The Kohat quadrangle is underlain by sedimentary rocks
Cranging in age from Jurassic to Fliocene. The sedimentary sequence
‘ fang

o :
“in the guadrangle has a stratigraphic thickness of more than 6098m

16




(Madssrer el al., 1974). The northern and southern flanks of the

e ——— ] e

p quadrangle are in Fauwlbed contact with vounper rocks. The Miocens

Tocks &re e pre:

srhed by the Rawalpindi Group which unconformably

—T——

Coverlies the dominantly marine Focene sequence {(Tanoli et al.,

1993,

i A




SERIMEMTOLOGY OF THE SECTIONMS

T Hiamalayan

‘ The strata of Rawalpindi Grouw Py bhe earligs

jmolazse sediments din north Pakistan, resulted due to collision

¥

Lart plate (Powell, 1979,

"hebwsen the Indian  and  the  BEurs
Fawalpindi Group consists of two formationsy older Murree Formatioan

|

Cand bhe younger Kamlial Formation (Tab. 1.1).

Fresent study deals with the Murres Formation and is based on

;'l.::h rae well exposed sectionsy the stratobype, near the village of
Dhede Fladlkd in the Attook District (lat. 330" 5% N long. 78% 35 E),
cin the east of Kohat neasr the village of Ghorzai on Kobhalt-
%Ftexwa Ipindi road Lat.33" 31" N long 71° 44° 3, and in the Pathan

;f«’lii. gad toa the northwest of the village of Braphdi on Kobhab-

CHhalkardarra road (lat.33° 17" 207 N long 71% 27" E) (Fig. 3.

The strata of the Murree Formation are exposed iv the Kahat-
rotwar Province, Salt range, Hazara-Kashmire Syntaxial belt, Jammu
rand bhe werth Indian plain (Fi o LYo ITh consisbs of reddish brown

fand pgrey sandstone, siltstone, clay and conglomerate.

Although structural and stratigraphic studies of the Murree
Formation and related strata have been published (Fatmi, 1973y
CMeissner et.al. 1974y Bossart and Ottiger, 1989y Ahmed, 1989, bub

Phere has been no debailed study of its depositional environments,



in the Rohat and Potwar area.

I the proce

by pages all the three sections have been

ldeseribed arnd interpreted  with respect to the depositiconal

environments,
[
|2.1 DHOK MAIKI

| DESCRIFTION

At Dhok Maili the Murree Formation consists of 5 major sand-
bodies. These sand-bodies range in thickness from 4m bo 68m (Fig.
81. Here tGhe Murree Formation unconformably overlies the Eocene

Lhorgalid Formation.

i The sand-body DML which is the thickest lies alt the base and

s up bo G8Em thick (Fig. 5. It starts with a 3m thick conglomerate

which consis af reworlzed Llimestone clasts and fossil fragments
Cfrom the Chorgali Formation.  These clasts are up to Zdom in size,
are swubh-rounded to rounded (Fig. &), This zone has beern desigpoatbed

as Fatehjang member due bo its sandstone, conglomerabe and larger

foramirid fere of Eocene age (Shah 1977 .
b Y

i Rasal 10m of the sand-body DML is predominantly conglomerabe
‘with subordinate sandstone. The conglomnerates consists of various
sedimentary structures such as cross-beddingy, horizontal-bedding
_and Aare massive as well. The cross-beds are trough in nabure,

individual sets up to Ilm wide and BS%cm thick have been recorded

19



Fig. % Composite lithologic profile of the Murree Formation at
Dhok . Maiki. The clay horizon of the sections are mostly

covered.




Fig. & Conglomerate at the base of the
Maiki showinyg clasts up to 2omy

Lo rounded.

21

Mweree Formation at Dhok

and which are sub-rounded




(Fig. 7ad. These conglomerat gl

generally have erosive hases,

individual beds bhave maximam bhickness of i ko lw.

Upper poertion of the sand-body DML i predominantly sandstore.
These sandstones have transiticnal to sharp bases and are plane-
bedded, massive and lenticular at places (Fig. 7). They exbaend
laterally more than the conglomerates. These sandstones are thinly
hedded, from Lom o 4cm Fig., 7e¢) and in the wpper portion the
individual bed thickness ds up bto Pom Fig. ). A% 50m Lewvel

within this sand-body a conglonerate horizon is again present which

is S0owm thick with ercsional base and has olas up to Bem in
diameter. These clasts are angular bo sub-roeunded. The conglomerrabe

is faintly bedded to massive.

These conglonerates, where present, mabkes the base of The
sedimentary cyvele and therefore, mark the indtiation of the firniyig-
upward sequence. In general there are bthree fining vpward cyeles in
this sand-boady, which get thicker in size verbtically upward. Ok the
basal portion of this sand-body the lateral extension of these
conglomerates increases upward.

The top of this sand-body bterminates into 2% thick horizon of
red massive clays.

The sand-body DME is HSm thick. It has erosive contact with Lhe
underlying red massive clays, and consists of sandstone which
extends more than 100m laterally. In the lower parts the sandstone

appears faintly-bedded but verbically upward the beds appear

s il

P
-
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Fig. 7 Sand-body DML at Dhole Maikis (a0 Troungh oross-bedding

and ripple lamination ivn bthe basal conglomerate. (k)
The photograph showing transibion of conglomerabe alb
base ivnbo composite bedded chamwmelized sandstone beds.
() Thin bedded sandstone in the lower portiaon of the
sand-body. () Thick bedded sandstone in the upper

portion of the sand-body.




0 do by 5 e ds v oo 4 i ol e - - 3 3
coom thiok  and L. Sm wide., Towards ©the SW  from  the main

conglomerate body, these Conglomerate beds are intervensd by

sandsbone beds (Fig. 8&). The crossg-— changes from broughs in

the lower porbions  of  conglomerate  and  sandstone beds  to

magarippled in the middle and low angle plane-beds, to plane-beds
arvied massive sandstong at the top (Fig. 8. These conglomerate beds
Ghin cut towards HNE and 5W from the main body. The conglomerate is
averlain by 7m thick seandstorne unit. This sandstone is trough

cross-bedded in its lower portions mega rippled/planar cross-bedded

in the middle portion and passes verbtically upward ivbo horizontal-

bedded and massive at the top. The cross-—hed %mtﬁ-arm up bo 20cm
thicl: and wpe to lm o wide. To the NE from the main exposure the
sand-body is low angle cross-bedded and rcippled (Fig. 8c). This
gand-~body once again terminabtes by passing into thick red massive

clayvs 40m thick unit.

Sand-body DNME is sandwitched between The massive red clays. 14
iw 4m thick and is traced laterally for more than 100m. RBecause of
poor  exposures, sedimenbary features could not be observed in
detail, however, it is trough cross-hedded in the lower portions
and harizontal-bedded in the upper portions. Hioturbation at places

s visible in this sand-body.

Fesides these major sand-bodies, there are minor sand-bodies
shown  in  the vertical profile, which are 1 o #m bkhick

arcassionally 3m. Mostly of these are massive in nature, somg of




these show bedding and bicturbation. Since no usefu T dnformation

could he gathered for sedimentological purposes, there faore ate nob
explained in detail.
Mostly the formation consists o f massive Ted clay intervals

which are up to &0m thick and are mostly covered. The top of tobie

formation is covered.

INTERPRETATION

Conglomerates of the sand-body DL, at base of the formation
are associated with erosional surfaces, therefore, are interpreted

as chamiel lags. The clasts generally are exbtra basinal, consisbing

mostly oflimestone clas and foseils rewcrked from bthe underlying

Chorgali Formation. The olas were meoved only during high Flood
conditions by ralling on floore of bthe chamiel, and were sebbled

down as  the water wvelocity decrea

te This conglomerate was

developed during morse than normald flood conditions which eroded

sediments from distant source areas

e were supplied bew the

surrounding elevated rook

sy A dncorporated them as a stream~load.
In summary these conglomerate beds up to basal 9w level represent

SN e

sive bigh energy conditions in the stream, each evernt eroding

upper parte of the previous

e

ited  sediments which were
relatively fing-grained and product of normal flow condibiome

C3ureshi avd Tanoli, 19980,




Figes

&

Sand-hody DM4 at Dhobk Maili (a) Fhotograph showinog

amalygamation of interbedded conglomerate ahd gsandstbone
baeds {0 thtmgraph showing btrough cross—-bedding in the
Lower pmrti@n and megaripples/planer cross-bedding, low
angle plavne bedding, horizontal-bedding and massive gt
the top in a conglomeratic horizon. (o) Photograph

showing ripple ecross-lamination {(pen is 1%cm longl.



The multistorey Conglomerates at the base resulted either From

gudden recurrere® OF  bShe wanin gy flood Lo high stage condibicorn,
resulting in the @rosion of the previows deposits (Mader, 198%) or,
from lLateral merfivg of two successive gravel veneers by pinch out
af dinbercbedded =and.,

The congl -‘.?:« mearates and interbedded sandstones were deposited as
the channel accoreted laterally. fs a result the conglomerate was
deposited ab the base of the charmel which now made the hase of the
developing poinh bar. Lateral chamwmel shifts deposited the
overlying sand. This process was repeated bime and again giving
rise Lo the inbterbedding of conglomerate and sandstone. The upper
paret o f the bar was more or less eroded away during high intensity
flood cuvrrents Jleawving behind the lower part of the bar only.
Sedimentary oyocles vcr aovigisting of altervnabing conglomerate and
sandsbone confiras repeated phases o 'f" intraformational reworking,

channed shift, Lateral and vertical ercsion.

The cross—-bedded conglomerate at 8m and 9w level in the sand-
hody DML consists of clay clasts and is interpreted as deposit of
the chavmel itself These clasts originated either by bank collapse
or by erosian Foeom bhe loaod plai N areas. Inverse increase of clast
size iv Bhese oonglomerate beds sugpgests the:‘ixr deposition during

increasing flow intensities.

Hordizontal ]_y....tQngde?d sandstone at 10-14m level are the resulb

of higher velacities at shallower depths, which can ocecur at
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various river stages and therefore, can bhe formed abt low as well as

high an the point bars (Walker and Cant, 1984). The preservation of

these feabures de favored by lateral and downstream acoretion of

the point bars. Harms and Fabenstook (0965 supgpgesbed, horizontal-
heds are the result of upper flow-regime plane bed condibtions,
uswally feund in shallow wabter near the top of the point bars.
Smith (1971 suggested that horizontal-bedding is prodaced in
shallow water, on top of the point bars, where increasing flow

velocities resullt from large volumes of water being foreed inbtao

confined space. The horizoental ~bkedding therefore, is the resullt of

upper flow regime conditicons suggesting fast flow and po ibly
shallower depths. The chanwnel at this stage appears to have

stabilized and possibly broadened which ig sugpested by the absevnce

af the conglomerabes,

Sandstone unit from 17m level consists of compositbe sandsbone
beds which are horizontally-bedded as well as massive with smooth
and  broad lower bedding plana; which most probably represent
shallow and broad channels which were developed by eroding the
marginal flood plain area, above the point bars and channmel
sequence (Qureshi and Tanoli, 1998 . HMassive beds might have

developed by vrapid dumping of sediments during flood conditions.

The uppermost conglomerates at 30m level consists of sillt and
clay clasts, are intraformational in nature and represent more than

normal flow energies. These intraformational conglomerates are

™y
A4
FE]




gimilar to those Ffound iv the lower reaches of river sysbems, and
are  concentrabted  abt bhe base of  podint are (Bluck, LN
Intraformabtional congloemerates have also been obseeved dv poinb
bars of anclent streams, where they have been interpreted as

gharmel lapg deposits Allen, 1970a). The silt and clay pebbles may

have originated from bank ecvosion (Bluclk, 1971 or ervosion from bhe

Flood plain area. Overlyiog sandsbone is interpreted as point bar
deposit. Plint (19863, supggested that borizontal bedding  and
massive sandstone die produced on bhe togp of the point bars in
shallow water. The sand-body grades laterally dwbo thick  red

massive clave of flood plain origin which marks bthe termivnation of

sand-body DML

Sand-body DM2 which consiste of fainbtly bedded to massive
sandstone scouwrs into the red massive clays. Tt lacks coarse-
grained sediments at the hase suggesting that the energy conditions
ware nob boo high  bto deposit coarse-grained  sediments. The
depositional processes for borizontal-bedding has alreesady been

described in the DMIL.

Overlying alternating beds of sandsbone and dominant olay up
to 410m level are interpreted as crevasse splay or levee deposits
within the flood plain area. Stewart (1981) considers such deposits
as  levee deposits accumulated adjacent to the river cohanmel.
Relatively coarser sediments were transported by sheet Flow over
channel banks during flood stages and deposited as thin layers in

30
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leves flanke, The alternaticon of coarse and Ting grained lavers is,

wial  contrel o on s imerhaltdon

therefore, suggestive of & sea
(Blewart, 1981). Crevasse channels are formed by breaching of major

distributory channel banks dwring high floods. The charmels are

seouwrad by Tthe flood waters and are filled ag the flow power

decreases.

The dominant litholagy of the Murree Formation ab the type
locality is red olay, which idis interpreted as flood plain
deposits. This clay settles oubt of suspensicon from the overbank

and

flows atter the coarser sediments have been deposited on leve
erevasse splayvs. In the meandering channels thick flood plain
deposits are sandwitohed betwesn chamel deposits. However, thick
Tlood plain depositse are produced if streams bhecome mere or less
fined in thedir position and longer periods are avallable for
deposition in the flood plain. Repetition of red clave may show

abandomment as well as re-establishment of the chanmel.

Sand-body DM3 makes a ercosive lower contact with the red
clays. In this sand-body channels could vot be observed, rabther the
sand-body has appearance of being deposited by sheet flow in flood
plain areas din & broad and shallow depression. Ollen {1983
sunpests that more extensive sheet like members reflect more random
patterns of channelkﬁhifting and migration of low sinwosity sandy
SLTEAME .

The sand-body DM4 beging with erosively based #m  thick
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conglomerabes., These conglomerates are interpreted as channel floore
lag deposits. The conglomerate is overlain by trough cross-bedded
gandsbone which is vrelated to the river migrating laterally by
eroding  bthe concave kank. Trough cross-bedding in sandstone is
produced by the migration of sinucus and straight-crested dunes

&

(Fackson 1976 . Jackson (1976 found sinecus dunes in chammel hends

and straight-cre dunes in crossings.  This trough cross-bedded
sandstbone overlying the conglomerates as well as megarippled oross-
bedding dis interpreted ﬁu have been developed in lower point bar
(Rllen, 197040 or mid bar (evey, 1978 by migrating dunes (Qureshi
and Tanali, 1992). Allen (1982) sugpests that trough cross-hedding
in sandstone is formed by the aggradatiaﬁ of Linguoid to strongly
sinuous cwreent ripples, or three dimensional dunes. Megaripple
cross-baedding overlying trough-bedded sandstone may sugpest bthal
The conditions were noet favorable for the migration of meparipples
o convert them into brough cross-bedding. That®s why megaripples

arg preserved above the trough cross-beds.

Flanar oross-bedding on the obther hand indicate flow

conditions of lower eneryy bhan those producing three dimensional

large ripples (Allen, 198:2). Low angle plane bedding overlying the

megaripple-bedding in this sand-body are usually transitional both
vertically and horizontally to plane-bedding (Abbasi, 1989 . These
bheds are p?uduced in similar fashion as plane bedding {(Allen, 1984,
Faola ebt. al. 1289, Low-anpgle plane beds are also formed by

shallow, high velocity flow intoe broad shallow scours (Rust, 1984).

Ji2



Coleman (1969 described itse formabticon by The migration of the
sandwaves. Flansg- bt-:édr.:lvc-:-:-d sandetons  4in this sand-body on the obther
hand was de frexs ited in bthe upper flow regime on the wupper part of
the point bars, and appears to be produced din shallow waters,
pEpecially across the vtop of the point bars where incesasing Flow
velacities result from large voelumes of water beiny forced dobo a
confined spece (Smith, 1971, Erosion abt the base of the plane-
bedded sandstone  resulted duaring flood sbages, followed by
depasition of upper phase plane beds of falling stage AOllew,
19745 . Massive sandstones &t the btop of this ssand-body are
interpreted as a result of rapid sediment dwwmping from high energy
flows (Fielding, 19868, possibly at the top of point bars. Red
massive clayvs which generally cap this sand-body are of flood plain

origin and hence the btermination of sand-bady D4,

fled massive clays in the uwpper part of | the formation conbain
thin sandstone beds, commonly brownish grey to brown in color.
deposited from suspension. These sandstone beds which are 1-4m
thicks, wt:".-'f‘é depasited by either crevasse splays or are leves
deposits (Bureshi and Tanoli, 1992 or by local stream actbivity in
flood basin {(Ahmad, 1989 . Such sand stone units throu ghout the
formation have sharp basal contact with underlying red clays.
Internal structures usually contain horizontal-bedding or  are
mass ive or occasionally cross-bedded. Most of the minor sand-bodies
interbedded with thick overbank fines are single storey, and appear

mass ive either due o bioturbation or due to rapid sediment dumping
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fraom high energy flows (Fielding, 198&),

2.2 GHORZAT

DESCRIPTION

At Ghorzai the Murres Formation makes the lower contact with
the Limestone of the Kobhat Formation. The major sand-bodies are
thiclkier than five meters Fig. 9 and avre btraced laterally for
hundreds of meters. The mincre sand-bodies do neb exceed  din
thickness for more than three mebters, and are of limited lateral
externt and extend only a few Lens of mebters. The Murree Formation
at thiis locality is pgenerally composed of sandstone and clay with

subo-rdinate conglomerates and mainly caliche beds.

MOLE om thick massive sand sa'l:cnm of the sand-body SRLG which
pinches out laterally within a | distance of L3m locally forms the
base of Lthe formation. AL certain places the limestone of the Kohat
Formation idis overlain by im  thick caliche Dbed which gprades
laterally inte red clay. A conglomeratic bed which sharply overlies
the oaliche bed decreases in thickvwess from 530cwm to 1%em towards
east. The conglomerate have scouwred into the underlying caliche,
and Lypically consists of poorly sorted angular bto subrounded,
pebble size clasts of silty clay and limestone (Fig. 10&). The
cong Lomerabes generally is matrix supported. Conglomerates are
impersistent and pass laterally and verbically into sands, and have

pebbles up to 1l.%5com in diameter. This conglomeratic bed is overlain
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By medium-grained, reddish brown sandstone which i 70om thick and
pinches oul laterally within a distance of 30m. Overlying is & S

thick massive sandsbtone with & much larger laberal exbtention.

Though this gsandstone thins and swells but die exposed laterally for
moea  cbhavr 200m. .Th ie sandsbtone unit has seharp contact with the
underlying sandstone and with the overlying caliche bhed (Fig. 10D,
This ds followed at the top by & Sm bhick red clay unit which isg
overlain by a 40cm thick caliche horizorn which din buren ds followed
by & @m thick red olay zone.

Sandstone of sand-body SE20 sharply overlies the caliche bed.
The sandstone is medium-grained and laberally persistent for 100%s

of meters., The sandstone beds increase in thickness from 2w in the

Lower pa be Lo B8%cm dn the upper parbts. The sandsetone s cross-
bedded, the cross-beds look Like troughs., Towards the bop, &m thick
horizon of red massive clay with interbedded sandstone is present.,
The sandstone beds in this zone rtange in thickness Trom 34om in the
lower levels to 10om in the LR ddle and upper 1 evels (Fig. 10c), and
pinches-—out laterally over a distance of less than 30 meters. Thess
sand beds are replaced 1 4'1'1'.2-:-?."'1"-&"11 Ly dinto red clays.

which

Sarvid—hody SBEIG consists of conglomerate at bthe bas
overlies the red massive clays., The conglomerate has maximuam
thiclkness of lwm, which decreases to 0.%m laterally within a
distance of &0m. The con glomerate is cross-bedded (Fig. llad and
consists of clasts of up to lem in diameter. The cross—-beds show

flow divection to the 8W. This conglomeratic bed is sharply
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overlain by a sandstone bed, in which btroughe are superimposesd
Figa. 1LE)., The sandstone iz labterally persistent and is overlain

by €&m thick massive red olays. Overlying the red massive claves are

sarcheton

LOm hick interbeds of sandstone and red clays. The

beds are sharply based and pinch out within £

E0m digbtance AFig.
lier o The sandstone beds are sepavated by red massive olays of up

ho 9Dom v bhickness.

HSand-body SR4G is composed of sandstone overlain by red

massive clay. Individual sandstone beds have thichkness ranging from
» @

FGomn. Generally the sandstorne beds are horizontally-bedded butb
appear massive near  the top of this sand-body. There ds  an

andstone heds. The sandebone bheds

interverning clay in between some

are bioturbated.

Sand-body SREG is 7m thick and scours into the red clays (Fig.
1#ad . Sand .«:aﬁc:-n @ in the lower 4m is cross-bedded (Fig. 18k, the
sabs are up to dom bhick and dip up bto 20 Lo SW. Some of the beds
thivnn oulk lateral Il.)? (Fig. 12b). The upper 3m is Ffaintly
~pedded, at some places it is massive. The beds are devoid

of any intervening clay, and have thickvess up to S0cm which are
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Sand-bodies SRLIG and SBERGE atb Ghorzai (a) Phobograph

showing clay and limestone clasts in the conglomerate of
the sand-body SBLG (scale is 1%em) . (b)) Photopgraph
ﬁhdwing aof a caliche horizon in the lower portion of the
formation at Ghorzai. (@) Sandstone heds in the sand-
body SEEG which pets thin upwards from 34cm in the lower
levels to 10em in the middle and upper levels (Hammer 1s

d3em long).
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Laterally persi

ent for 100%e of meters. Towards the bop of

wavid -

ly the beds ave horizontally-bedded.

SGand-baody SBR&G is erosively based and comsists bobh brough and

horizontally laminated sandstone beds (Fig. 1&8c). The wuanit ab

places te in nature. The sand-body paasses laterally into

GE Composd

rad massive olay, which d¢ ovnee again overlain by & 3m thick

sandsbtone unit. Beds up to 40cm thick have beern cbhserved, which

dinches oult laterally within & short distance. These sandstone beds

are genarally ioturbabed.

Sand-body SB76E is the thickest (#0m thick) in this section, in
which individual beds up bto 80cm thick are present. The sand beds

are composite in nature and has sharp erosive lower conbactse. In

sheap ol e

Lhe lower portion the beds are cross-bedded, but due to

and weathering of the exposed beds the nature of the cross-heds

could not be recognized. The middle pertion of this sand-body is

frorizontally-bedded and upper 7m is massive. At places the sand-

body dis biobwrbated.

o 3m khick sand-body sharply overlies 128m massive rad oclav.
ITrdividual beds having thickvess of up to 30cm pinch cult laterally
within 100m inte red clay. The sand is bioturhated due to which
sedimentary ﬁﬁ?ucﬁur@ﬁ are destroyed and only horizontal~bedding is

abserved.

Gand-hody SRE6 ds 14m thick with scouwred base into the underlying
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Fig.

Sand-bodies SB3G and S8B40G at Ghorzai {(a) Cross-laminabed

conglomerate of sand-body SR3IGE (Y Trough ocross-
bedded sandstone in the sand-body SER3IG () Sandstone

beds interbedded with clay above sand-body 5R3G.
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12

Sand-bodies SRBEG and SREE at Ghorzai (&) Sand-body SRIG
mhmwﬁ ﬁgmuring into the red clays, at btee of the hammer.
(h)’Tvmugh cross-bedding in sand-body SRIG. (¥ The
Lower level in sand-boady SREG is brough oross-bedded,
uppernost tfmughs changes laterally into horizontal

beds. Top of this sand-body is massive.
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clay and consie

of composite sandstone beds which are mediup-

grainagd and display various &

Himentary structures. The lower

ivt wihiich bthe se ATEe R

to  Elem thick and dip up te #3%te the SW. The oro

~hedded

sandstones are overlain by horizontal ly-bedded sandstons.

The beds cange in thickness of up to 40cmwm and have sharp bedding

plavies. The beds are laterally traceable for 100%s of mebers, bub
Lhin and swell laterally. The upper 3m of this sand-body consists

of massive sandsbones.,

Sand-bodies SRIG and SBLOG are the uppermnost sand-bodies. The
former sand-body is Sm thick and dis poorly exposed on the surface
due bo which natuwre of the cross-beds could not be identified. The

GRLOG dis 10m thick, the lower portion of which is cross-

redded.
Some of the beds pivnch ouwbt laterally. The individual beds range in
thiclkyess from Scom to 33cm. The cross-sebs are bthick up to #%cm and
dip up bto 25% o the SW. The upper portion of this sand-body is

hovrizontally—-bedded.

INTERPRETATION

The Lithofacies in the Marree Formation at Ghorzad section are
similar to many fluviatile deposits described previously (Stewart,

1981y Plint, 1963, UWalker, & QCant, 1984 . The lithofamimﬁ
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association and fining upward ovoles sugpest that these sedimente

ware deposited by the meandering streams (c.f. Walker and Cant:,
1284 . In general the formation consists of 45 percent of sandetbone
and conglomerate and 5% percent of clay. The sand-bodies ars thin
in size in the lower levels and get thicker in the middle and WP pes e
levels., The sandsbons in thiﬁ‘ﬁﬁﬂﬁiﬁﬂ ie medium Lo coarse-gralned.
nly two conglomerate units are ﬁweﬁeﬁt within the sechbiorn which
Lie in the lowsr portion of the formatbion.

The palec-chanmel studies sugpest that the deposits of the

Murree Formation at Ghorzal resulted from the combination of bed-
load, wixed-load and of ﬁump@ndﬁdwlmad channels. Generally thiock
gand-bodies resulted from bed-load deposits, sand with sub~ordinate
clays were the result of mixed-load chanmels and thick olay rich

deposits resulted from suspended-load channels (Galloway, 1985).

A massive lenticular sandstone at the bhase of the formation is
interpreted to have been deposited in preximal floocd plain area as
a CTEVARSE éplay or levee dﬁmméit, This is further supported by the
overlying either locally calimha or red massive oclays. The
caleareous horizon btyrpically develop in flood plain areas dus ko
exposure to dry climates for a longer time in soils with low

organic contents (Reineck and Gingh, 1980).

The sand-boady SRIG started by scouring ivnto calichesred clays

of the flecd plain. Scoured surfaces in the fluvial cycles are
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ohserved on the floors of the meandering river chanmels FlobGowen

ard Garner, 1970y, The conglomerates commonly associated with the

soeoured surfac

are inferred as a chammel-floor layg (Freshney,
1970y Leedsr, L9735 Mader, L2853y, The clasts of the conglomerates
iv gand-bodies 8RIG and SR3G are concentrated on the fl&mr of the
chamiel and were moved only during high flocd stages by rolling on

the floor of the fluvial charmel. Depending upon the availabiliby

of the olas and competency of flow the conglomerates either
spread out as a conbinuows sheet or are concenbrated into an
igsolated lenses. Shape of the clasts depend mainly on the transport
history. Froximal clasts are gengrally more angulare than the distal
ones. The limestone clasts in the conwglomerabes are mainly reworked
from the underlying Eocene formation and clay silt clasts from the
cul banks of the chamel. Thess conglomerabes suggest a new river
cowrse and & major lateral shift din the river chamwel. The
sandstone above the conglomerates gets more laterally extensive

towards bhe top confirming successive broadening of the channel.

The massive mature of the beds abt the btop of the sand-bodies could

he due t@ rapid sediment dumping from the high enerygy flows ab top
of point bars (Fielding, 1%8&). Caliche bed at btop of this sand-
ﬁmdy sugpests a long exposure to the dry climates and therefore
abandonment of the charmel and major shift iv stream cowrse and

Lermination of sand-—body SR1G.

Gand-body 8REG indicates another episode of major chanmel

shift in the Ghorzai area. The basal position of this sand-hody was
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a lower to wmiddle part of the pecint kar. Sand transportation wae

dominantly by dune migration which is supported by the presence of
medinm-to-large trough cross-~bedding Galloway, 1985, The sand was

thus transported as bed-load. During the normal discharge in bhe

chamel, the typical bedform on the charmel floor consisted of
sinuous-crested  dunes  ranging  in hedght from  30cm to lm.
Freservation of these dunes on the lower-middle parts of the point
bar resulbed in the trough cross stratification (Wallker and Canmvbt,
19284). This sand-bady passes laterally into flood plain deposits.
Im the upper parts interbedded sandestbones and clays are interpreted
as crevasse-splays  or  levee deposits. Lenticular sandstone
occasionally ccouwrring in flood plains are interpreted as crevasse
splay deposibts (Mathisen and Vondra, 1983). Leeder (1974 has also
sufggested that Lenticular sandstones in flood plain deposits may be
crevasse splays ﬂ@positﬁ if bhey are laterally limited in extent.
This part dis the result of vertical acerebtion deposites produced
duwring successive floods. Thicker bheds {up to 34cmd represenbing
relatively proximal or more powerful floods and the thinver {up to
I0em) beds relatively distal or weaker floods (Grabam, 1983). Flint
(1983 suggesbts that such sands could have been transporbed as
ﬁhéet flows over chammel banks during flood stages and deposited as
thin layers down levee flanks. This facies pass laterally into red
massive clay of Fflood plain area and therefore makes a complete

sedimentary cycle.

The conglomerate at the base of the sand-baody SR36G is



intecpreted as  dntratformational in natwre, It consisbs of red

gilthelay claste. Mader (1985 pointed out that thicker 8 6 O ULE I

of dntratformationsl  conglomerates reflects conbinuouns lateral

grosion and wideccwbting of the river which reswl- in supply of
gilbtsolay over Looger period of bime. On bhe obler hand thin lavers

of intraformational conglomerates intercalated into sarvichy sequences

reflect discrete phases of chanmeld shifte alternating with preerd od s

L. This

of watercouwree stability and only negligible lateral ero
gingle storey Im thick conglomerate developed durdng major channel
ghift which eroded sedimevwte  Feom the Flocd plain area  and
incorporated then as a stream load (Qureshi and Tanoli, 1992). Miall
(L9728  intorpreted such conpglomerates as chanmeld Ffille. The 1Im
thick trowgh cross-hedded sandstone overlying this conglomerate was
deposited as the river migrated further laterally by eroding the
concave bank (Mathisen and Vondra, 1983). This sandstone therefore,
s deposited as a result of dune migration and represents the Lower
Lo middle part of bhe point bar (Galloway, L98%0. The sand was
transported as bed-load and deposited as a laterally acorebionary
deposit, Collingson (1986) sugpestse that trough ocross-bedding is
produced by the migration of the dunes with sinweus cresb-line o
sand waves with more commonly three dimewnsiconal Linguwodid form.
Roecording to Jackson (1976)  and Levey (19780 such trough mvoémw
bedding dis produced by the mipration of sinwous and straipght-
(1976¢) reported sinuwous dunes Lo pre-

crested duanes, Jackson

dominate in chanwnel bends and straipht crested dunes in crossings.

Waller and Canbt (1984) also sugpested that above the channmel lay
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the sand dis transported as & bed-load and consiste

of sinuous

crasted dunes, preservation of these dunes results Ln brough-cross
slratification., This gand-—-kody passes upward into red masgive clavs
o f flmmd plain deposits. This red clay falls oul of LS PE TS Lo
atter floods as a vertical acecreticn deposits. It passes upward

into interbedded sandstone and clav. This interbedded sandstone and

elay is already interpreted as a crevasse splay or leves deposits

in  sand-body

The sand-body SB4G dis interpreted as a part of point-bar
deposit, the horizontal beds in the sandstones are developed in the
middle and upper part of the point bars. In this part of bthe point
bar water is shallow, having high vélmeity under the upper flow
regime plain bed conditions (Gureshi and Taneli, 19925 Hlint, 1983
Stewart, 1981). The massive beds at the top could be due to rapid
sediment dumping fvmm high energy flows or the primary sedimentary

sltructures were destroyed by bioturbation (Fielding, 193&).

Sand-hbody SREG consiste of lower trough~cross bedded sandstone
and upper horizontal-bedded sandstone. The lower brough-cross-
bedded sandstone are already desceribed in the sand-—body SRE3G, which
reprasents a part of lmw@rmmiddlalpurtiun of a point bar. The upper
horizontal-bedded sandstone developed in the upper parts of the
point bar in shallow water and high velocity under the upper flow
ragime conditions (Qureﬁhi and Taneli, 19392). Horizontal-beds

which results from the uwpper flow-regimne are uwsually found in
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shallow wabters wnear top of the peint bars (Harms, Moekenzee g

MeCubbin, 19635 Mokee et al., 1967).

Band-body SREE mainly represents a point bar. The deposition
af  bhe Lower  trough cross-bedded sandstone has already been
digcussed din debail iv sand-bodies, SREGE, SRBEIG and SREE. The
horizontally-bedded sandstone in bhe W part of the sand-body
was deposited iv the upper parbs of a podint bav under upper flow-

repine plane bed conditions which already has been discussed in

savd-body SRES. Walker and Cantt (1984 sugpest that a particul ar
combination of depth and velooity required to produce a plane-bed
can oecur at various river stages and hence parallel lamination can

be Formad both in lower and higher portions of the point bars.

fibove this sand-body 3m thick sandstoneg unit is suggesbed Lo

have formed as orevasse splay or levee deposit, in which sand

deposition is mainly by vertical acorebion processes. The processes
of deposition have already been discussed ivn detail above in sand-

hbodies SE206 and SR3G.

Sand-body $B7G is the thickest sand-body at this section. It
has & maximum thickness of 20m and indicabes a more broad channel
with more lateral shift., The sand transported mainly as a hed-1load
by lateral accrebtion prmcéﬁﬁeﬁu The depositional processes fof the

lower trouph cross—-bedded sandstones, middle horizontal orosss

bedded sandstones have been discussed already in the sand-bodies
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BRSG, SHIG, SR4G, SE

and BREG. The upper massive sandstone cowld

be due to biobturbation which destroyed the original structur

o
alternatively primary structures were never developed due bto rapid

€

pod domernl dumpinm‘frmm high energy Tlows (Fielding, 1986).

The 3m thick sandstone above this sand-hody is very much
similar to the one on the upper portions of bthe sand-body BWEG,

therefore, has been deposited under similar conditions. Sand-body

SREG has developed from somewhat similar depositiconal processes ad

that of sand-body SRVG.

Gand-body SREYG was deposited under the same environmernts of

sand-body SR206 and sand-body BBL0G is very much similar toe sand-

bodies SHESG and BREG.

The red massive claye which forms a considerable part of the
formation are interpreted as flood plain deposits. Duwinmvflmod
conditions in river, the main channel may not be able to hold the
flow of water and results in the over flow out of the chammel. This
results dn fine-grained sediments deposition as the flood water
looses its competency with disteance., The subsidence of the flood
resulbs in the deposition of thick fine-prained sediments in the
flood plain areas. Sharp bases with an abrupt change from sand to
red clay strongly suggests rapid abandonment of the channel. Thick

clay unites suggest that the viver may have stabilized in one

position for a longer time.
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The caliche bede in the lower levels of the formation suggest
That the environments were semi-arid bto arid.s The fluctuation in
The ground water btable and drying at the swrface

resulted in the formation of caliche (Reineck and Singh, 189807,
2.3 PATHAN ALGAD

DESCRIPTION

The Murree Formation in Pathan NAlgad is composed of sandstone,
siltastone, clay and conglomerate (Fig. 13y, At base of the Murree
Formation its & conglomerate body H50cwm thick consisting of 10-1%cm

thick apparently laterally pinching conglomerate beds.

The clasts are of the underlying Kobat Formation and are wup to
1Ooem in diameter. This conglomerate is overlain by Im thick poorly
developed semilithified calcareous olay horizon which is followed
by L#m thick massive red clay, and marks the initiation of the
Murree, s deposition (Fig., 14, Overlying this clay is the major

gsand-—-body SE1.

The SB1 is Blm thick and has a sharp srosional contact with
the underlying colay (Fig. 14a). ﬂlthaugh the wnit is composibe-
bedded, without any intervening shale, still Tthe individual beds
can be delineated. The basal ﬁaﬁdﬁtone hed has scowred into mla?"

The sandebtones are mainly craoss-bedded bat bioturbation has

a0




absowred the primary struchure in several beds. Obove bthe Smn

vzl
within this sand-body &, %n thick Rpebbly sandetone and conglomerate

is pore

evil (Figs. 14a & 1% . Red siltstone or ol

up to

20 omo din diareter are locally concenbtrated al the hese of avEral

brerde Fig. 14¢). The

Lbe

ie dm thick horizon of three CoCR e

conglomerate beds that pinch cut laterally over a short dis

Satadcy
and  are represented by lateral equivalent sandstone hbeds (Fig
Lg4ad. The conglomerate in the thicker portion consiste of vounded
bovo 2omodn diameter marcon siltstone pehbles. A L0om thick bed of
the conglomerate continues laterally over & distance of more than
10m at one end of the main body (Fig. 15). Maturity decreases with
distance from the main body and locally wp boe 30em in diameber

angulac red siltsbtonelclay clasts

are present (Fig. L1abd giving

thickening and thinming impression of the bed. Similar conglomerate
bed is repeated again upwards wibth only one sandstone bsd in
hmtwé@n the conglomerates. This conglomerate bed pinches oub
Laterally and equivalent sandstorne  bed have small wroughs and
hoord zontal lamination at the top. Overlying die a 50cwm bthick pebihly

sandstone and conglomerate bed which consists of red silbtstone/clay

pebbles and oclasts (Figa L4cdy . verlying 4w consdsts of

horizontally Laminated sandstone bédﬁ in bhe lower portion. Within
these beds localized clasts of up Lo #0cm in diameber of carbonate
cemented material (caliche) are present (Fig. l4e). Uppermost 3mof
the sand-body consists of apparently massive and bioburbated

sandstore.
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Field photographs of sand Fhotograph
showivg complete thickr bo Top is
towards cighlt. Hobte the : i ather
features parbticularly dar if codouwr umn Imm rate beds in
lowar half of the sand-body. () & part of the lateral
extbension of conglomerate bede shaowing angular upto
30cm in diameber siltlelay clasbts. Pencil in 14cm longs
{¢) Ferd Itlolay clasts at b af a sandstone bed.
Hammer is 33cm long. (o) & a1
with ved silt/clay clasts. Upper pmt shows CTrosse
bedding., (& Calcareous sil come (caliche) ball ™ 20cm
in diameter embedded within & sandstone bed. Mote also
biobuwrhabtion in the bed.




Fipge 139 Sketeh of the mature conglomerate horizon in SRl

gshowing more clearly its lateral tapering.
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The second major sand-body 882 dis alt 50w level from the

base.

The sandstone beds are sharply and erosively based. Un eastern T
of the exposwre the sand body ie 4w thick Fig., 1&ad. The midd le Pr
af the wunit consiste of sandstone beds with internal horizanbal

lamination., Both the basal and the topmost sandstone bhe

AT,
however, internally oross-bedded, The basal bed locally consiate of
low angle crose-bedding (Fig. 1éa).

Tracing westward at a distance of 1im the same wunit ds only 2w
thick (Fig. 17). Easal +two thirds are made up of beaubifully
prreserved megaripples with vertical thickness ap to 60oewm each and
lateral extent of arvouwnd 3m each. Upper one third is made uwp of
superinposed small ripples cross-laminaticon with foreset thickness

up Lo HBom Fig. LebX. 1 Lo 3oem in diameter red olay

pebbles are scabtbered all through the unit. Further 10m wesbward
this sandstone unit looses its cohesiveness as a single sand-body
but instead sandsbone and clay beds alternate(Figs. Lec, 1&d, 17).

The sandstone is gradually replaced by red clay further wesbward.

Beside these major sand-bodies, ©the red clays make a
considerable metimﬁ af the formabion., Above SEE a thick olay
hovrizon consists of interbeds of 3 to 200w thick sandestone beds Iin
the lower porti an CF igs. LGe & 16d). At P4m level from the hase 19m
thieclk clay wundit consists vaan@ 40cm thick calcareous clay zone
(semicaliche) in dits middle porbion. The topmost wm of the

. . . CRK .. . . o . . 5
formation consist of two fining upward units. The upper unit grade

arer gese ._/_——.————__—_—




From sandstone up into giltstone and then into red clav.

INTERFRETATION

The Lithofacies in the Murres Formation as described above are

gimilar to those which have been previously obsevved in many
fFluviatile deposits (eoge Stewart, 19813 Walker and Canb, 1984y
Miall, 198% . The lithofacies asgociation, cyelic sedimentatior,
fining  wpward cycles and  coarse Lo fine  sedimenbs  ratio
collectively sugpgests that the sediments of the MNurrtes Farmation

were deposited by meandering streams Fig. 19 (c.f. Friend, 1978),
; A I 5

Faleochamel studies of the Murres Formation sugnests it
generally to be the result of mixed-load channel setting {(c.f.
Galloway, 1985, Mevertheless, in lower half of the formation the
tendency is towards bedload channel and in the upper half towards

suspeanded-load channel.

Rase of BRI makes the initiation of a new river course in
previous flood plain area and, therefore, a major shift in the
river chamel. Inibially, as sugpgested by bthe small lateral extent
of the basal sandstone beds, bthe river was mostly restricted to a
narrow chanmel with slight lataral shifts from time to time.
However, upwards within the sand-body the charmel became more wide
by more lateral persistence of Tthe beds. This is

as abttested

Further supported by the presence of $ilt and clay clasts at base

S6




of beds which were derived either by bank collapse, ercsion of bhe

auter bank margin, abandoned channel wr flood plain deposits. This
simply  indicates more  Fresdom in waber flow (Arche, 1983y

Collinson, 198&).

The mabure Im corplonerate horizon was developsd dwring more
than wormal flood conditions which eroded sediments from the Flood
plain area and incorporated bthem as a stream Load. There was eibther
a shift in a chamel direction which eroded parts of
the previcusly depesited chamiel sand  or albernatively ancther
chanvel  was entering ohliguely ivnbto the main  channel which
deposited these conglomerates. The possibility of a chubte channel
cannot be dgnored dn which flow was chamelized and one flank of
the chammel was well preserved. The chute bar deposits typically

develop abt Lop of poivnt bar deposits (Galloway, 1985,

Overlying sandstones with horizontal lamination were deposited
in shallow and broad channels in which upper flow T@gim@ conditions
pravailed, Uppermost part of SBL consistes of massive looking
sandstone beds in which the mrigiﬁai structwres might have gotb
destroyed by bicturbaticen or were never developed due Lo rapid
sediment dumping from high energy flows (Fi@ldiﬁgw 1986 at bop of
point bar. Caliche bed alt top mf'this ﬁgndwbudy sugyests the loang
areal exposwre, therefore, abandorment of the channel and major

ahiflh in stream cowrse and termination of 5Bl deposition.

I
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L bes S YA e ol v o 27y s Joo pe ‘ £ X i
Limited srxposure of BB shows great lateral svariaticns in

i o lone

o Anternal sedimentary structures and Lithology. At ths

easlbern @xtrenity, where the sand-body ds Swm thick, the hasal im

savid

onie with sdltstone and red olay vrounded clasts ab base as
chanmel lag was daposited iv the main channel. The middle &m war
with  horizontal  lamination and  whiech sharply  overlies Lhe
underlying channelized sand (Fig. 182 was either deposited in a
shallow chamiel or it wmay represent part of a point bar. The
haoecizontal lamination results where the water depth die shallow and
velocity ds comparatively high and upper flow regine conditions
pravail (Stewart, 19813 Allen, 1984), Topmost fm with megarippled

o s Lamd vratd oon

interpreted ag middle to upper part of a point

bacra

About 10m westward the sand-body decreases in thickness to #m.

sediments as

The bas

channel bed consists of flood plain reworbed

lLag &t ba and pinches outb laterally. Overlyving sand beds with

meparipple cross-bedding overlain at Ltop by small scale climbing

~laminaticon were Tormed at top of the point bar. A

i pple oro
shorlt distance Turther westward bthe sand-body fizzles oub as a

coberant unit and instead is represented by interbedded sandstone
and shale beds. This facies represents deposits of eibther one or
combination of the three mechanismsy one in the small side chamel
on the other side of the bar, two crevasse-Tlood plain sediments

and three leves deposits (Flint, 1983).

biT:)
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Sand body SE2 at Pathan Algad (&) Eastern parht of Sk
with lowsr bed low angle lamination and cross-
lLaminabion., The middle part with bhammer shows
horizental laminaticrn. Hammer dis 33cm long. )
Labarally middle zone of bhe sand-body. Base of the
hasal bed consists of silt/clay claste and the
overlying sand beds consists of cross-lamination mainly
of mepgaripples and the top consists of small scale
ripple lamination. () West of (), the sand body thinsg
out and changes to interbedded sandstone and red olay
facies. (d) Further west of (o) showing more clearly
interbedded sandsetone and red clay fTacies.
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From the above discuseion it could be concluded Lhat the

Eard -

oy BEER shows fmeoe ook e o . . "
hody BB shows Bradation Freom main charmel in the sast bo eithor

the bar and small side channel or crevasse or leves Lo flood plain

in the west. Thersfore it iw sugygested Tthat the main channe)

existed easbward and az a result thise sand-body might becomne more

thick further sast due to suparimposition of channel sands.

Upper Pm of the sequence displaye bwo fining-up cveles. Fine

prain glze and apparent massiveness of these heds de

not gqualify
them s classical chanvel sands but may in fact be either lefh-
overs of point bars or the crevasse splavs or levee deposits within
the flood plains by sheet like flood flow. Rlthounh any one of
these processes may be involved, gradational pgrain size change in
these croles dis more supporbive of crevasse splay mechanismn.

The red clays in fluviatile environments are traditionally
interpreted as flood plain depesits (Reineck & Singh, 1980). During
flood conditions in rivers the existing chammel may not be able to
hold the flow of water vesuliting in the overflow out of the
chawmel. fAs flood subsides, the competency of water in the fleod
plain area decreases leading to complete stoppage in flow. This
results in deposition of finemgrgined sedinents such as siltstones
and clays. The clay'depaﬁition oeouwrs aut of suspension in standing
water. Thick clay units sugpest that the river must have stabilized
in one position on the flood plains for longer times or that the

TLVET WAS moTe prona o flooding due to its mé'('hl.l'f‘i'b}v' ‘:Hﬁﬁd}""ﬁta‘-l'rtﬂ

&1




L3&Ey Harms et al., L1975,

2.4 COMPARISON BETWEEM THE EXPOSURES OF THREE SECTIONS

The Merree Formation din wmoerbhern Kohat and Potwar dis more
Ghiclk than in souwthern Kohat at Pathan Algad (Fig 19, For dinstance
at sbratobype (Figs. @ it ds more Tthan S00m  thick and  in
northeastern Kobhalt at Ghorzai (Figs. 9 it is PPO-300m thick. At
shratobtypes basal unit consists of conglomerate and sandetone and is
Gidm thick. Here sand o clay ratico in lower jevels is approxdimately
A5a 15 and changes roughly to 10290 dv upper levels of the formation
Fige %Y. At Pathan Algad sand to clay ratico does nobt change so
drastically bult does change from 40350 in lower levels Lo roughly
3O 8FD iﬁ‘ wpper  levels (Figs. 13 . At bobth these exposures,
prominent sand units lie in lower half of the formation while at
Ghorzai in novrtheastern Kohalt bthe sandstone and clay units are
similar at all levels of the formation and sand to clay ratio is
almost same arocund 4555 (Fig. 9.

Az stated earlier major sand-bodies lie towards the base ab
stratotype and at Fathar ﬁlgéd W The same river could not have
flowed at the same time in two widely apart east-west parallel
locations ﬁpemialiy when flow was pgenerally ffom noeth bo sowbha
This suggests that either there was a considerable time gap between

shrata of the Marree Formation at these localities or altermatively

o,
i
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Crevasse-splay

' POINT BAR DEPOSITS SHOWING FINING UPWARD SEQULNCE

i

Fig. 18

Flood plain
ACTIVE CHANNE
I

Point bar deposits

Conglomerate

finsed  Sandstone

===]  Clay

- Massive |

f{}i‘ff Cross-bedding

% Horizontal-bedding

L
{ Abandoned channe!

Meandering river model showing chamel shape and

!

related typical deposits. (modified from Allen, 1964,
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Pathan Algad — Ghorzai

Fige 19 Lithologic colums of the Murree Formation at three

different localities.
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they were deposited by different streams or some combination of

both. The basal strata at stratotype which
appears to represent the initial river path couwld, therefore, he
-

older than the basal part of the exposure at Fathan Alyad.

Initially during deposition of the basal thick sand-body at
stratotype, the absence of intervening shale suppests that either
subsidence rate was low or fine material was not available
from the soweee. During deposition of the upper half of <the
formation, however, the subsidence rate was invariably high as is

. | q - s :
suppested by the thickness ag well asg abundance of fine-grained

material in upper levels.

The Pathan Algad area on the other hand possibly was on the
marygin of the Mwrree river system and therefore, river flowed here

occasionally anly relatively for a shorbwhile and avualsed apgain

13

towards east. Ghorzal area experienced repeated river passapge and
repeatedly was acting as flood plain area of Tthe Marree rciver,

consequently, developing eycelic sand-clay units.

A
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they were deposited by different streams or some cembination of

both. The basal strata at stratolbype which
appears to represent the initial river path couwld, therefore, be
B

elder than the basal part of the exposure at Pathan Algad.
Indtially dweing depmmitimn of the basal thick sand-body at

slratotype, Uthe abdgence of ﬂnﬁ@rveninm shale supgpgests that either

subsidence rate was low or fﬁne material was not available

From the souwrce. During dqpmmitiaﬁ of  the upper half of the

formation, however, the muhmid@nm@ rate was dnvariably high as is

mugyested by the thickness &m well as abundance of fine-grained

P

material din wupper levels.

The Fathan Alpad area on the obther hand possibly was on the
margdn of the Muoeeree river system and therefore, river flowed here
oecasionally only relatively Ffor a shortwhile and avulsed again
towards east. Ghorzal area experienced repeabed civer passage and

repeatedly was acting as flood plain area of the Murree tiver,

consequently, developing cyolic sand-clay units.

Fall

|
' &

|



LITHOFACIES OF THE MURREE FORMATION

The Furres Formation i conpo

of clastic sediments, mainly

AR

clayy @

pvieroand ool omers The sedingnts show great vertiocal

and lateral facies variabtions. The purpose of this chapbter iz to
provide detad led description and interpretation of the Vithofacies
wf the Muwreree Formation, theilr correlation and disbribubion, and
eyclicity of sedimentary sequences. Fach cvele starts with Ehe
basal conglomerate or sandstone and gr&d@ﬁ upward dnto fine clavs
Fige. S, 9 and 13).

The +bterm Lithofecies is restricted btoe the rock assemblage
according toe bthe colory, bedding, compositicon, bertuwre, foseils,

sedimentary and biogenic strucbures. The following termivnology is

Brasically of Miall (1978) and has been wmodified where necessary.
litihotaciaes Gmb Trowgh cross-bedded/massive conglomsralte
Ldthofacies Ghp Troughsplanar crass-hedded sandstone

Lithofacies Shi Low anpgle to plane-bedded sandsbone

Lithofacies S Fippled sandstone

Lithofacies FIL Interbedded sandstone and olay faci

vive red olavs

Lithofacies Fo M

3.1 Facies Gmt

Description

This facies makes bthe base of the formation at Dhok Maikii the

1
i
I
i

R e




shrabolype. Thre o L ome e abe bheds Te wardoed in  dwbernal

arrangemnent and are cross-bedded, megarippled, plane-bedded and

massive (Fig. 8. Laterally most of the conglomerate iz lenbicular

and cccasionally continwous on cuterep scale. Bed thiclkne

AT 6

Forom L0cm Bo dm o The conglomera

are bexburadly dmmatuwrs, mabtrix

L

supporbed, cccasionally ola

gupported and have erosive bases. The
basal conmglomerate at the stratobype described as Fatehjany membar

{GBhah, 1977 Tas SATIC atri 1AW T ekl es
{Shah, 19 has sandy mabriag, | h1g 2 bkl

0 in

diameter,. The conglomerabe congists  of fou

w0 1y pieces of
silicified wood, and some FTish bones Fatmi, 1973,
At Fabthan Algead the conglowmerate beds are wup bo 400m bthick.

Red  silbtstone or olay clasbs  wp bo @dowm dw

concentrated at the base of some beds (Fig., 14, Though the cla

ave randomly distribubed bt leavgely normal grading is i tia

pere

Three largely pinching composite conglomerate beds, which combine

are arcund 50om thick, makes the base of the formation abt Pathan

PAlgad.

At Ghorzad  in the basal portion of the formaticon the
conglomerates are lenticular, cross-bedded and biobwrbated., The

cross-bedding i trough shaped, and beds thin oub laterally within

a distance of &0m. It consists of red clay as well as exbtrabasinal
clasts up o 1.%om in diamebsr. Generally the clasts are embedded

in the sandy matrix.

Generally the congleomerates are present abt the base of a




Fiving upward cyele, forming units from 2-3m in bhiclkness, which
overlie a planar or uneven erosional surface with local small
soowrs.  They are compesed of intraformabional claste of mainly

tonesolay, and exbraformational clasts as well alb

andsbone, sild

f. Leavhe angular bto sube-rounded elay clasts dn the

cerbain localitie

Form of mud bhalles are alsoe present.

IMTERPRETATION

commoenly  associated with the scouwred

The oconglameri

are gsnerally considersd bo be chanmel Floor lags on the

s fad

raveT beds., Fielding (L9886 suygpe clast supported conglomerates
at chammel floor lags and mateix supported as lag deposits. Within

Lhe main high evevgy chanoasl the Fiver wmaterial does nob geb

shled  amd &g & resullt olast supported conglomerates  forms.

where the

within Lthe domain of the ohanns]

Mavertheless, diw

a@r flows only during fleocds, mabrix supported conglomsrs

(LN

Foarmes. The Fine-grained material Fills  the woids wibth  the

peult of contbinuous decres

subsidence of flood as a N

and The

level., Depending wvwpon  bhe availability of the ola

ayicy of flow the conglomsrvabe beds are sither conbinuous or

LiLecE i

o las

levticulars The Fatehjang member at the stratobvpe consis
That ave rceworked From the underlying Eocene Chorpali Formation

Chhalry, 19772,




Large silblcl ay  wlast concentration at bhe ba af  hthe

;

conglomerate heds

[l

lon of elay layers from previousl y o deposited Yleod plain

deposits. fngular clas

indicate & prozimal source and rournded

L meay have come From distal ar

£

ag. The amalpgamation of the

wlonerate beds suggests vecurrence of hi uh snerygy evenbs, each

dimen

phase ecading upper parts of the previousl v deposited se
The erocded porticon was wmost likely relativel ¥y Fine-grained bthat

could  Meose ]

deposited during low flow conditicons. local

pinching of interbedded sand shee

may also be responsible Towe

multistorey conglomerate formation (Mader, L1985).

The dintraformational conglomerates do not show any breal din
sedimentaticon rather they show the occurrence of high energy
conditions. These conglomerates results from the bank collapse
along  the wmeander bend or alternatively by the erosion of the

underlying silbt/olay beds. They are common in the lower reaches of

the river systems, concentrated at the base of Tthe point bars
(Bluelke, 1971, The intraformational conpglomerates may also consist
the eroded and reworked overbank fines during lateral channel
ahifte (Mader, 198%). Mader further sugpests that thi n la wears of
invteaformational conglomerates interrelated into waridy ks
exbraformational gravelly seguences, as are present in Ghorzaid
sechion, reflect discrete phases of chammel shifte alternating with

periods of water couwrse sbtability and only nepligible lateral

BT Y

probably originated from the bank bolla e arl

z
l
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Tsand-~bodies. Fore

3.2 Facies Gtp
Description
This lithofacies consiste of gravish brown sandstone, which

is coarse Lo mediuame

pradned, and occasionally five-grained. The

faoci

geneeally K3 Lo h uate]

s b ed dbedd ety plavar

cross-bedded, The set bhiokn e TRe dviedd v frim

e oup
are penerally up bto 4%cm bhick, rarely up bo Iwm dthick. Trough and

A Lamar orod

seba are generally segregated except abt strabkobyps in
sand-body D4, where they are interbedded Fig. 8. The sandsbtone

wunits are  up bto Fmobhdick.

At stratotype both trough and planar cross-bedded sandstones
are present (Figs. 7a and 8. Troughs arve up e 105w wide ang ®oom
thick (Figs. 7aand 8b). The planar cross-heds seb thickness is up
o 18cm and dip is up bo 30" (Fig. 8& . At Ghorzai, troughs ars
scooped shaped, bhaving thickness up bto 28cm. Individual beds range
in thickness from 2 LYo 2%cm, somebimes more (Fig. 12c). At Pathan
Algad the troughs are up to 80cm thick and iwm wide with individual

bed thickness L8Scm or more. This facies have sharp o erosive ba

and flat to slightly undulating top, in addition to the pgravel

embedded lenses alt Pathan Algad (Fig. 14d3.

This facies is found generally towards the bhase of the

abe generally have tangential bases in case of

Lrough oross-bedding and anpular bases in planar oross-bedded

sandsbones.
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IMTERPFRETATION

cof

Trowgh and planar cross-bedded sandetornes, asually in setd

LO-2%cm thick are the privcipal facies of point Dar sequences.

Trough cross-bedded  sandstone  of Tacies (st was  prabably

depasited as the river moved laterally by evoding the concave bank

and depositing them on the conver side of the channel. MHarms and

Fahenstook (1985 sugpes the flow phencmencn From apper part of
Lower Filow regime to the lower part of the lower flow regime. The
“Lrough cross-bedded sandestbones  overlying  conglomerates, EN
deposited in the lower point bar or mid ﬁminﬁ bar deposits. Simdlar
interpretabions are made previouwsly by many worbkers (e.pg. Allan,
La70ay Levey, 1978y Stewart, 1981y Plint, 1983). Jacksown (1976 and
Loewvey (L1978 described trough cross-bedding as pvmducéd bow Lhe
agpradation of Llivgueoid to strongly sinvous cuareeert ripples o
Lhree dimensional dunes, where as trough cross-laminations are

prroduced by migration of linguoid ripples on the point bars.

The cross-lamination that is noere generally developed bowards
the upper portions of the sand-boedies was possibly produced in the
shallower part of flow on top of point bar laterally away From bhe
canter of the main channel {(Walker and Canty,  1984). Here Lhe
rippled bedform would produce ripple cross-lamination or trough
cross-lamination. This pwhce%% of preservation is due bto lateral
and downstream aceretion of point bar where chanmnel floor dunes may
be driven diagonally on the lower part of the point bhar to acorete

Laterally on top of the charnnel floor lag. Flavar cross-bedding,

~
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which  dis  abwe diwensional bedform  in the sand-body  DMa ab

shratobype was most likely producsd by the migration of stradght

crrested dunes,

Grouped cross-selbs, as are Tound in Pathan Algad section and

at stratotype, represent waber deep snough bto allow deposi

Bion as

cosets since lselated sebts develops din shallow water depbths where

supgrimposition is not Likely (FBust, 1984).

3.3 Lithofacies Shl

Description

This facies, which de present in all the sections, consis

of medivm-grained sandstone that is alightly finer than

Formivng trough cross-bedding of facies Stp. The individual heds are
wp bo 34-40cm thick and are dinternally hovizonbally bedded (Fig.
100). The horizontal-~bkedding is sometimes converted inteo low angle
] &
plane~hadding (Fig. 1&a). The plane-heds are btraceable for several

mebers., Low anpgle plane-bedding dis transiticonal bobh vertically

and horizonkally to plane~bedding and dips at an angle less than
10° o the horizontal (Fig. 1&a). Thie facies mabe units up bo 3w
thick and locally these are laterally traceable for several meters.
This facies usually occurs in the upper purtianﬁ.mf the sand-bodies
(Figs. 160 . Generally the beds are composite in nabtuwre but at some

localities intervening shale is present in bhebween the sandstone

heds, AL places biocbturbation iz also observed (Fig. 20).




INTERFRETATION

The plane-bed formation results either whern the flow is boo

and shallow depth to develop upper flow regime conditicrs. In

the shanding water the s

Pmentation takes place out of suspension

which mostly results in deposition of clavs. The facice HBhl was,

Lherefore, deposited under upper Flow regime conditicons The

deposition of such beds dis previcusly reported both from within and
also From top of the point bhars (Mekee el al.y, 1987y Allen, 1988
Walker and Cant, 1984). In situations where plarne-heds are present

in between the meparipples and small ripples, bthey may have heen

formaed due o decrease

in velocity at dying flood stages (Reineck
and  Singh, 1980, Such a scenarico can also be explained by bhe

Fluctuations in the flow velooily.

Plang-beds are present in both steady aunidirectional flows and
symmeteical oscillatory flows (Harmg et al., 19822, Faola et al.
CLB89) viewsd fThat the lateral conbinuwity of the parallel

Lamimaticon and low angle plane-bedded sandstone dg  due  To

subturbulent fluctuations caused by migration of bedforms. These

bedforms have amplitude of only few graine wavelength  from

decimeters up to a meter and migration speed of several mms-l.

Low angle cross-bedding which is present in almost all the
studied sections is formed e@ither due to migration of sandwaves or
ig produced by shallow, high velociety flow into broad scours that

are too shallow to form cross-sbrata. These low angle plane-bedded
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sarndstor o

appear wvery much similar bo the ones mevbtionsd K W

LEEATT € 1L969) ,

3.4 Lithofacies Sr
Descripil 4on

Thi=s facies ia [rE

at all +The sections. The Faciss

of sandstone beds with small scale i pples which forenm

e obto a few om jk;l": foh . Pathan Algad section bobth the
small soale megaripples and small olimbin g ripple-laminetion, with
foreselt Whickness up to Bowm, are present (Fig. 1&b). At stratob W paEE
rippled Facies dis present abt top of sand-body DM (Fi Be 8Bor. Ok
Gharzai section baath climbing and nore-cldmbd g Tipple

sl armination dis present. Sand-boedies which occur within bthis

W
Tacies wsuwally show very limited basal erosion. Major chaonmel
featuwres and lateral acoretion suwrfaces are not present. Sandstone
wnd e aree I-8m o thick, individual beds range in thickness from 10 om
ho #% o . These sandstone beds show lateral pinching and fines

wpward dayyto flood plain deposits.

INTERPRE TATION

This facies was formed under relatively low flow velooity
which meose bypically develops in the shallower parts of the
whannel = and on the exposed surface of the peint bars. Friedman
and Sanders (1978)  and Plint {1983) have also reported sueh
deposits on the exposed surface of the point bars. At pl aces sheat

Like natere of the depos its and the lack of erosional surfaces 18

T4
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Fig.

20

Organic marking in a sandstone bed.
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BUREETLVYE OF aceo el men o oo o : : ’ i
suggestive of aceretion on brroad, flat and non-channelized plain

COral am, Lo8 % Tt s g o e s : . . s
G any 1985 . Fraveition e horizontal ~hedding T

ripple-beddivg results from late

3

ape decrease iv Tlow velocities

E

esder, 1973, Small scale

croases-laminabion looca The ©

TG AT

of the point bar, as are present dvn bthe upper porticons of sand-body

Pl ] o e 0 g b b e I o el g " . . . . -
BEE at Pathan Algad, was probably produced by migrating vripple
Lrains formed under Lower flow regime conditions (Himons et al.,

LAeE) .

3.5 Lithofacies F1
Description

This facies consists of clay with interbeds of sandatone.
siltsbone. The sandstone beds pgenerally pinchout laterally over a
distance of a few to bens of mebters (Fig. 16d). A & whole the clay
males thicker units than sandstones. The sandstone is mediam- to
firme-ygrained., They are sharp and irregularly based and are mosbly
wup bo #0cm thick rarely more. The tops of some of the sandstone
heds are vippled. This facies most oftenly lies abt the top of the
sand-~bodies and consists of conparatively finer grained sandstone,
massive clay and at places siltstone. The sandstones sometimes show
small scale  cross-lamination and are  Jocally exbensively
Bioturbated. A complete transition from sandstone to siltstone to
clay is observed at Pathan Rlgad section (Fig. 1&d). At stratotype
and at Ghorzai sections thin sandstone beds up to 10cwm thick, which

pinchout laterally over a distance of 20-30m, are interbedded with
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This Taoid

forrms undte which are laterally extensive bub

verhioal bhiokoe

ie less than £20m.

IMTERFRETATION

Thin bedded sand and clay are the result of floods and are

the deposits of flood basins, leves (Fay, 1976) or orevass

s ek o s

e

i and Tanold, L1992). This facies iz interpreted az a levee

aceunulation at the margin of the channel, which are comparable to

the levee deposits sewart (L9981 and Plivt (198353, The sands
are bLransporbed in o the form of sheet flows over channel banks

@t &g bhin lavers on the leves

duwring Flood stages and gets depos

Flanks., The levees slope away from the main chanmel inboe the

flood plain areas and are developed on the concave erosional bank,
and are submerged only dueing the highest floods. The btransdbion
from sandstone to olay, as observed in the Pathan Algad secbion,
most probably represents the longitudinal seobion alonyg the levee

O & Grevas

covrse, When the flood water overbtops bthe charnnel
bank there is a fall-off in the level of burbulsnece and suspended
sediment is deposited, the coarser sand and silts close to the

charmiel, the finer sediments farther away on bthe flood plain. The

other possibility for these interbedded sandstones and clay could
be the result of the development of crevasse splays. The Crevasse

splay deposits are usually thin, on a scale of only few tens of

9



comvrbd e e and  oc

fovmally dm thick. They are gensrally sharply

based and wedge owlb laterally over a short distance.

Thivd possibility for the formation of this fac de Lhat it

was deposited din small charmels which were crevassed within a large

chanmel. After the Flood rec the flow was confined in these

small channele, whicoch resulted in bthe dep Ticn of the interbedded

sandstone, siltsbtone and oclay.

3.6 Lithofacies Fo

Description

serrbatd oo

fled masslve clays have sul avcbially higher repre

o f

than any of the obther facil i all the secbicns. Traces

Lamination in bthe olay are scarce. Massive oclaryes occour as bhick
sequences bobh above and below the sand-bodies (Figs. llc, l4a and
L&y They are generally rted and brown in colore and conbain Lithle
iﬁtevﬁalvvimihlm sbructures. Caloarecus horizons {(caliche) ocour
within red clayve Figs., 14 and #1). Thickest ﬁﬁit%g up ko 40m
Lhick, of this Ffacies are presenh At the ﬁtwatmtypé, This facles
gither directly overlies, with a sharp hase, above the sand-hbodies

ar gradually passes through interbedded sandstone and red olay

horizon (Figs. 16d).

INTERPRETATION
Red massive olay facdes is interpreted as flood plain

deposits as a result of fallout from suspension after flmwd

7 a



Bime of Floodinyg Friend, 1978, Deposibticon of the

dence  (Reineck  and Sivngh, 1980, After the JFlood waber

the bavlk, @t cawses uapliftiog of the fleod plaivn by the

rown as verbical acorebion (Waller and Cavb, L9842, Thiock

fa=

coesrlanls fines

favored by large lateral mevement of  the

charmel, i1 the spreading of bthese Tines (red clarvs) ocour al bthe

areas ag well which receive

common dn dnberchannel
during floods. The red color of the clay is due bo subaerial
grpostre and oxidaticn conditions (Collinsorn, 198&). Thick olay
deposits most likely are the result of high dnput of Fing-grained
sediments which dis favored by channel consistency in space  and
higher subsidence rate in bthe flood plain area.

The caliche beds were formed in semi-arid Lo arid climate din
soadls with Low agrganie conbent which results in dincrease of pH
valug., This causes precipitabion of Calog and as & result caliche
is formed. The caliche formabtion dis favored in places wherse for a
certain period of time there is negligible sedimentaticon (Reineck

'

awd Singh, 19807,

3.7 LITHOFACIES ASSOCIATION

The strata of the Murree Formaticon consists of several
lithofacies such as facies {(Gmbd, sbtpy, (Bhld), (Sr), (FL), and
facies {(Fe). These facies show different facies assceiaticons at

different localities.
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Fig.

1

N close view

af

A calecareous

&80

horizon

below the Pencil.




z Gk makes Tthe bhase of bthe formation at the strabtobype and at

CPrathan Algad. At the latter Jocality facies OGmt dis directly
overlain by facies Fo.o Facies Gob mostly mabes the base of sand-

hodiss. However, it alsoe dvberchang

with the fTacies Sbtp beds

@, Lmosmeveral dnstances Lhe Facd

mithin the sand-bodi

we Hhp males

the base of the sand-bodies

Facides HSkp ds the most cowmmon of all the facies. At Ghorzad

TLhis facies makes the major porbion of the sand-bodies. Except in

End

gavich-brody & G oand BRIG where it overli

facies Gmit, it generally

overlies Tacies Fo.o AL stratobype, in the sand-bodies DML, and D,

Bhis Taciss overlies Taci upward into facies Shi.

Gt and pass

Iv sand-body DM3 this facie

cverlies facies Fo and ds overlain by
Ffacies Shl. In conclusion Facies 8tp either overlies the facies LGl
oo mabkes the basal part of the sand-bodies. Facies HBh1l whioch

overlies the facies Shp mostly lies in the middle or upper portions

af the sand-bodies.
Facies Sr, 4T present, overliss facies Shl din bthe upper
] "
portions of bhe sand-bodies as seen dn sand-body SRE in Pathan

Hlgad.s Facies Fl overlies the sand-bodi avied act as Lransibional

Tacies to facies Feo Facies Fo is the uppermost facies of a fining-
upward sequence. It either gradationally overlies bthe sequence via
facies FlL or sharply overlies any of the obther described facies in

a sand-body.
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The fiving-upward sequences and the pattern of the lithofaciss

brata of bthe Murree

& meandering river for the

H

clakion suges

Formation at bthese secblions. During depositicon of the

Lderiee rabte was Llow, buat the

gsandebone unit at stratobype sab

subsidence rabe were high dn bthe wpper porbicns of the secbicon., Tt

s confivmed by bhe thick olay deposits in Lhe uwpper porbions.

fhaorzai secbtion experienced repeated river passage, on bthe obther
hamd  Pathan Alpgad ares wasg o bhe maegin of bhe Marree river

svatemn. Thick clay deposite of facies (Fo) suggest bthatb the river

muet have stbabilized i flood plaine for & longer time.
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CHAFTER 4

PROVENAMCE OF THE MURREE FORMATION

b of collision

Shraba of the Rawalpiodd Group are bthe v

bebweer the Indian  and  bthe Eora {Powel 1, Lad s

frdatss

Takhirkheld et al., 1979, Rawalpindi Group has twe formaticons:

alder Muerree Formation and yvounger Kamliald Formation., The Marres

Formation is composed of clay, sandstong and conglomerate  with
pecasional silbtstone. Age determined for this formaticon in bthe
vorth ds about B8 owma dn the Harara Kashmire Syobaxis (RBossarh and
Obtiger 1989 and early Miocewne in the Kohab-Pobwar area Fabodi,

19735 Mei

srer et al., 1974 and Tahirkheli, 1282, This age
difference in the nerth and sowbh is due to soubthwestbward migration

af the Himalayvan thrust front which also moved Marree aricl

Himalayvan Foreland Basin Lo the southwest (RBossart & 0Obtbiger,
13849y, Sediments of the Marree Formation arve widely spread from
west of Feshawar aver the Kohat-Pobtwar Provinee and Sallt Range to
the Hazara-Kashmir Syntaxis and from there o Jammu and the Marbh

Indian Plain (Fig. 1).

The present sbudy was carried out lat three different
sections: stratotype at Dhok Maiki (lat 33°-25"Ng  long. 72%3%%E):
Ghorzai (latb. 33° 31N long 717 44'E)  and at Fathan Algad (lat
FI3LPVEOM M and long. 71T 27%). Thirty thin ﬁ@cﬁimnﬁ from bthese

different sections were prepared for the pebrographic analysis.




>

il bype locality The Fuer

Forrmaltion overliss

wrsan formalksly
Bhe Chorgali Formation of Eecene age and at Ghorzal and at Pathan

Alygad it wnconformably overlies the Kohat Formation of BEocens apge.

Wynne (1874 called the pressot Foreres Formation as  Marid

froup. In (L8P he as

igned Miocene age for these rocks  and

described Tthem as maring to conbinental dn origin, Pinfold (191L8)

Fer Cra e

gd the name Fatehjarvg member for the conglomeratio bas o f

the PMurree Group, this zone ds exposed at btype locality and
consists of fish bones, pleces of silicified wood and is cross-
bedded, He also described a bime gap bebween Fabtehjany menber aﬁﬂ
undeaerlying formabions., Wadia (1986, 1931 accepted this idea for
Kohat-Pobwar Flateaw but he described this passage from Marvi Group
and underlying Tormation as transgiticonal in Hazara-FKashmirc Srovbaxis

(8haby, 19377 and named these rocks as Murree Formation.

The aim of this study is to reconstract Uhe nature and Lhe
position of the souwrce areas Tor The sandgbtone of the Murree
Farmation, about the uplifts and the evoluticn of the orogenic
belts in the souwrce area.

The sandstone of the Murree Formation is geanerally mediuam-
grained aﬁd‘mcmaﬁimnally fine grained in the studied sections. The
samples pgenerally consist of quartz, feldspar, micas, cherbs,
opagues, Lithic fragments, uwnidentified and accessory minerals.

The brown and dark color of sandstone is mainly due to the

a3




concenbration of opague minevals such as hemabtite and magnetite.

4.1 FETROGRARHIC PROCEDURE

The petrographic studies are confined to the sandstone  wnibs
aof the Murree Formatiorn. More than seventy samples wers collected
From three different measuwred sechiorns namely bype secbion at Dhol
Madlkiy Ghorzal secbicon and Pathan flgad section of the PMhoarrees

Formation., Thin sectionsg were made of the samples

s of conglomerates
and coarvse-to-fine grained sandsbone, Due Lo compositional aad

textuwral homogeneity and Jor the Tine grain size of the several

thin sections, only thirbty ©thin sections were considered as
suitable for the pebrographic analysis. Pedium and coarse-grained
sardsbores A ik Ly consid derad compositionally TNl

represenbtative of  the sowrce terrain than  the fine-grained

sandstone which could he deficient in certain minerals.

Foint counting was done for each thin section. Between 136 to
90 grains were cournbed for each thin seotion depending mainly on
Lhe prain gize. RBobth the horizontal and vertical runs were made

during the grain counting study.

Dickinson and Buczek (1979, Dickinson et al,, (1983>, and
Ingersoll and Suczek (1979 schemes of the grain division was

applied. The percentage of each grain type for various thin
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shione e given in the modal compesition charts (Tables 4.1y 4.8,

avad 4. 3.

4.2 HWINERALOGY

The dominant minerals, nabtwre and additional informabion

regarding the dndividual grains is explained here.

QUARTZ

It generally makes the predominant  constibuent of the

sandetone in all the samples. Textuwrally it ranges from  angular to

grltinction can be

subangular and subrounded. Straight and undulose

Both monoccrystalline and polycerystalline variebiss of quart:
were present in bhe studied thin sections {(Tabs. 4.1, 4.8, 4.3,

Fine-grained sandstone generally without inclusicons and consis o f

more monoeryestalline guarts graivns. Here quarts grainsg are  angular
Lo subrounded. Fractured grains of guarts may be filled by mica and
in various thin section stretohing in the quartz grain was also

observed.

CHERT

[
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Tt ods in bhe form of polyoerveballine guarts. I orang Forcan L
7 ) 4

o & percent (Tabs. 4.4, 4.8, 4.3, In some thin s
| 4 "

iors Thbrous

variety of quartyz known as chalcedonic guartz dis alsoe present.

FELDSPAR

Faeldspar ds pr hodn small amournts. T oranges from 1o obto &

percent (Tabs. 4.0bl, 4.8, 4.3, P

agdoel

is penerally higher in

percentage  than alkali felds

ar. Due bto serdicibtiratbicon proper
recognition of some of the feldspar grains was difficulb. Allkali
feldspars are ivn bhe form of micrecline, perthite and orbhoclase.
The grains are angular and devoid of dnelusions. ﬁlhitm‘ Ty pe and

combined carlebad-adbite twinning dis seen in the plagicclase.

MICHA GROUR
RBoth the muscovite anvd bdobtite variety is present in Ghe

samples colleched.,

Fuscovite ranges from one Lo L6 percent. The stratobype and

Ghorzai

clhion has generally higher proportion of muscovibte bhan
Fathan flyad section. It ds in the form of tabular crvetals or in
the form of agpregate of fine crystals. Extincetion is wsually

parallel to the oleavage traces. Twinning is common which can be

by differences in interference color and extinction angle.
Biotite dis brows, reddish brown and yellowish brown in Lhin
sections and shows plecchroism din plane polarized light. It has
strong absorpbion. AL stratobype biotite is present in seven thin
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aores wp bo 3 per o

ans and of overall mineral composibicon.

+ chiong. Iv orne of

Ghorzai 4t ds pred i oonly three thin s

thin secbions iL res

ches up o 14 percent. At Pathan Slgad it

il in only  one Bhin section and reaches up bo 19 perocent

of overall minersal compositicn. Scarcity of the biobtite in this

i due o dits alberation Lo chlorite by weabhering.

LITHIC FRAGHENTS
Lithio fragments are one of the major compovents dn mosh of
the samples. Lithic fragments in bthin secticnsg are made wp of

quartz btecbtonite, gquarts mica agpregate, guarte: mica feld

aggregate, guartz feldspar aggregate, Opagues  and wviddenti Fisd
Lithic fragments. The percentage of individual Lithic fragmenbs are

giwven in (Tabs. 4.1, 4.8, 4.3).

Guarty mica tectonite and gquarbtz mice aggregate are major

Lithic grain bypes in samples from the sbrabobype and Ghorzai.

Hooes

sericite, rubile and iron oxides. The cement is chiefly calcoareous
u K

or siliceous.

OPFARUES

Opague minerals are found  din all the sanmples  din Ffair

Cproporbion.  These opagues  consist  largely of hematite of



diagenebic origin and bo a lesser

el magnetite was alsoe present

in small proporbions. Hematite is dack brown and black in color

whereas magnetite s dark green. Mematite ds in the form of grains

bt weually it ds Fine-grained and diagenetic.
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TRELE:D 4.1 Modal point cowndt daba do percent.
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TRRLE: 4.3 Flodal podiat count data in perocent.
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Takla: 4.4

(GRS

La— Qo= fm o+ (R

1 = Total quarts grain

G = Monoorevsbtalline quartz grain

Gp = Polyvervetallineg gquarts grain +

quartz mosaic grain + chert grains

& Fa o Ko U

Froom Tobtal feldaspare gradn

fooom Plagicoclase Teldspar grain

K o= Potassiowm Teldspar grain

o= Undifferentiated feldspar grain.

B l. = Lym cblesm #P
L. = Unstable lithic grains
Lvm = Volecanic hypabassal and
metavalecanic Lithic prains
Lam o= Sedimentary and mebasedimentary
Lithic grains

M = Opagques and miscellaneous

a4 b= Lo+ QR
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TRBLE: 4.5 Evd menbers of Tthe bternary diagrams in peresnhk,
recaloulated from Tables $.1, 4.8 and 4. 3.
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TRBLE:D 4.8 Eved msmbers
ralouwlated from Tables $.1, 4.8 and 4.3,
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Fige 8 Triangular QFL plot of modal analysis for the
sandstones of the Murree Formation. The delineated
provenance fields are afber Dickinson and Suczek

1979 .
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Fige 23

Triangulae QoFLT plot of wnodal analysis for the
sandstones of the Murree Formation devived from
different types of provenances. (afber Dickinson

Suczek, 1979).
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ﬁﬁFig. 24 Triangular Qplviml.em plot of modal analysis for the
o i . i
sandstones of the Murree Formation. The

provenance fields are after (Dickinson and Suczek

1979) .
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4.3 RESULTS

Percentages of the major components in the analyvied samples

are pgiven in Tabs. 4.0, 402 and 4,030 Tabs 4.%, 4.6, 4.7 and 4.8
show the recaloulated mmwm@ntam@lfmw the end member components QFL,
GmFlt, GFLvmbsm and Gmpk. These methods of dividing the components
inbo ternarcy divisions was wsed by Dickinson and Suczebk, (13979,
Dickinson et al., (L1985 and Ingersoll and Suczeck, 1979, Each
tervary divisions has ibs own specific characteristics .., the
QAFL diagram dndicates maturity and grain stability which are

larpely the result of weathering, souwrce, sowrce relief anal

transport  mechanism  (Fig. #82). The wFLt diagram indicates
provenance and the grain size of the sowrce material (Fig. #3). The
GFlvmb.em and QP diagram plebts cenly partial grain populations bhub
reveal the character of poly-and movecryetalline components of the
Frame work respectively (Figs. 84 and 25, In QmPE plot bthe samples
of three different sections plot towards Tthe Gm end supggesting
increasing  maturity or  stability of the continental frlcreede
provernance (Fig. 25, Generalized tectonic provenance fields ave

given in diagrams QFL and Oplymbsm (Figs. &8 and 24).

Majority of the samples fall in the domain of the recycled
orogen provernance on both QFL and GwFLY  ternary diagrams.  The
recycled orogen provenance field Haﬁ been further subdivided into
subduction complex, collision orogen and Toreland uplift terrain

by Dickinson and Saczek (1979 . Majerity of our data on the
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Rplembenm diagram falls  dn the dowmadin of  collision  orogen

PRIV ETIATIE @ W

1

from the type s

Un blve Gploemd v e ks bk

bl agram &ll the

Tall in  the collision oragen provenances fisld, Tive samples Trom

the Ghorzad section and four samples from Sthe Pathan Algad secbion

Falles out of the range of bthe coellision orogen provenance Tield as

1d and lie wnear the OF

well as from the are orogen provenance fie

end corner. Therefors bernary diagrams supgge that the sandsbone

of  bhe Muarree Formation ds derived from recyoled orogen souwros

areas @ither from collision orogen or foreland uaplift scurces o

combination of both.

The basal conglomeralt att  the stratobype consist  of

dominantly limestone clasts, reworked from the underlying Eocene

Formation.

4.4 DISCUSSION

Flots on the discriminabory diapgrams sugpest  that the
sandstone of the Merrge Formabion is composed of material derived
from the orogenic belbts to their north (Abbasi & Friend, L1989 .
Majoriby of the samples sugyest recycled orogen provenance. Within
this provenance field most of the samples fall in the domain of

collision orogen pProvenanog.
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fbundant clesr, inclusionle moncerystalline gquartz din bthe

o othat these wera

sandsbones of the Murrese Formation may sugpe

derived From the baseme granitic rocks of bthe Indian Plabe which

got exposed at the swrface dug to subduction of the Indian Plate

which ulbtimately resulbted in uplifbicng and exposure Lo ero
Shretohed  quartz  cryebal  within sowme graivsg  and  gquarbz-mica

tectonite, quarbtz-mica feldspar-bectonite and polyorystalline

the derivation From metamorphic rocks such as

guarty  suype
sohists and gneisses (Blabb, 1982 possibly From the Indian Flate

COVETT SECueEnce.

Generally among the feldspars, plagioclase i preferentially

effected by weabthering, still the plagioclase in the sandebones of
the Murres Formation are abundant compared to bthe alkali feldspars.
Muscavite is more abundant than biotite. As biotite is more ForoTes
to weathering its scarcity can be atbributed to its alteration bo
other minerals like chlorite. Abundant muscovite, plagioclase and

heavy minerals like epidote and garvet in the sandstone of bhe

Murree Formation are combinally sugpgestive of a metamcrphic source.

The chert grains May gimilarly have been devived from the
older Indian Plate cover sequence. Rt least some of it may have
been derived by ereosion of the underlying BEocene strata {(Kohat &
Chorgali Formations) which contain  abundant chert lenses and

nodules.
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Tt ds, therefore, concluded that the major conbributors to bthe

shrata of the Murree Formation were the granitoid rocks and the Low

ov the noerbhern margin of

to medium grade metamorphic rocks eipos

The Tudian Plate.

The PMurree Formation in Hazara-KRashmirs syonbaxis in noercthern

Pabkistan was deposited in late Paleccens to Barly Bocene btime. AL

af

that time Hobdetan Island are and Ladalkh area which consis
wlkrabasic o acidic mapgmea  were  conbribobiog to the Purree

arih ¢ erest had almost

Formation. During Miocens the Tebthyan oc

subducted beneath the Kohistan and Ladabkh Tsland are along the MHT

{(Bossart & Obbiger, 198%9). Thi sabduetion resulted in the exposure
of ophiolites and cobther low bo medium grade mebancoorphic roacks

{#@afjuy Lhe mafic to wltramafic rocks along MET and  also

matamerphic rocks south of 462, Bossart and Obbiger, (1989 have
suggested these rocks as souwrce of bthe Mearres Formation in older
northerimeost exposures. In conbrast the Murree Formabion in Kobat-
Fotwar area 18 Mliecene in age {(Bhah, 19773 Tahirkheli, 1982). At
that time Indian Plate was subduecbing beneath Kmhiﬁtaﬁ Tgland arce
and low to mediun grade mebtamorphic rocks of the northern part of
the Indian Flate were most likely &ctiﬁg as source Tor the Murree

Formation in the Kobat-Pobwar area.

Geochemical analysis of the garnet grainsg from the Murree
Formation by Rajwa et al., (1987) when plotbted on the Mn-Fe-PMy

ternary diagram fall into high almandine~high spessartite zone with
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wp ko ANK Fe, 428 Mo, and 198 My. They further suggested that lack

af pyrope dv the Murree Formation may sugpest bthat the erc

Level din the source arvrea ab the Maeres LTine was nob s

towch the pyrope bearcing deep seated high grade schisth, fAccording
Lo bBlhem bhe sediments of the Maerree Formatbtion were dercived from low

grade and phylilites of the ncorth and norebh-eastern part of

the Indian Plabe.

-

fRecently Abbasi and Kbhan (1990 analyzed garnet and amphibole

at the molas

HE GO

o dn Kohat area and compared it with the

data of bthese minerals available from the Himalayan orogenic sowrocs

belt. They observed that majority of the garnelt is almavidine in

coomposi bl on with mi v grressaler, speseserting At [ %]
componegnbe. They observed bthat the gearvet of the Rawalpindi Group
in koehat area de similar in compoesibion to the garnet descoribed by
Bajwa et al. 1987y, and is almandine in composition. This varieby
af garnet ds similar to the one reported from crystalline Indian-
plate basement rocks in Hazara, Swabt and Besham area (Treloar et
aluey, 198%a,by Williams, 1989 . The garnet in that area show wide
range din mebtamorphic  prades Cgacrriet, glhawrolibe, by ey bey
#illiminite?. Abbasi and khan (1920 further described that few of
the pyrope-grossuler tich garnet in  the Murres Formabion are
similar din composition tm’ those of Kamila Amphibolite of the
Kohistan Arc sequence in Marth Fabistan., Indian-plate basement
rocks does not contain comparable pyrope-grossuler vich garnet

rather such garnets are reported from the Kohistan Are SEGUET e
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(¥an, 197%Fy Jan and Howed, 19810 in the basal part of Kohistan

gaguence in Jijal Complex and Famila Amphiboli Thay concluded

Lhat the deep-: ted high grade b

speEnt rock of the Indian 2L

b

which were exposed before bthe depositicon of the mola

SO

i hhe Hohat ares are

Feer covbribating garnet bto bhe

Pl wematiion. Mevertheless there could have bheen & minore

contribubtion From the BEohistan Seguence, but the basal part of the

sarted contributing gernet duaring the depoasi

Kﬁhiﬁﬁan @ LLET) brd e
af Indus Conglomerabe Formation of Ahmad (0989 or Dhole Pathan
Farmation of Shakh (1977,

Forgviouwsly it was believed that bthe souwrce of the high dron
content of the Fureree Formation was the Frecambrian dron bearing
Dharwar & Cuddaphah rocks of the Indian Shield Wadia, 1931, but
the hematite present dn the PMurree Formation de dominantly very
fine-pgrained and appeears diagenetic, with few detrital grainsg of
hematite magnetite. Thus the high iron content of the Murres
Formation ocould net be considered a definite indicator of &

southern source for the Merres Formatior.
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5.1 SUMMARY AMD COMCLUSIONS

The Furree Formabion repre

rrbe Lhe esrly molasse sediments of
the Himalayarn foreland basin, which are characherized by the
gsouthward migrating depositional Bamdr An response  bo Lhe
deformaticon of the crogenic belt. These rocks are Llimited iv Lhe

north by the Main Roundary Thrust.

The Murree Formation consists of several lithofacies such as

faed

Gmty, Btp, Shl, Sr, Fl, &and facies Foo The Facies Omb is
interpreted as channel floor lag on the river bedsy Tacies Stp is
the principal facies of the lower to wmiddle part of the podint barsy
facies Shl and facies Br are gensrally found on the middle to wpper
part of the point barey facies F1 resulted from the floods and is
interpreted as levee or crevasse splayvs and facies Fo dis the flood
plain deposits which resulted as a fallout From suspension aflber

the Tlood subsidence.

These Ffacies show different associations alb different
localities., Facies Gmbt mostly makes the base of sand-bodies.
However, it also interchanges with facies Stp within the sand-

bodies.

Facies Stp is the most common of all the facies. In several



instances bhis Tacies makes the base of the savd-bodies. This

FTaciws @ibher overli facies Gut or mabes the bagal part of the

sand-haodies. Facies Shl which generally overlies facies Sbp mosbly

lTies in the wmiddle or upper porbionsg of the sand-hodi

Facies v, where presevk, overlies facies Shl divn the upper

portions of the sand-bodiegs, as seen in sand-body 8B2 at Pabhan

fAlygad. Facies Fl overlies the sand-bodies and act as bransibional

facies to Tacies Foo Facies Fo dis bthe uppermost Facies of & fining-
upward sequence. It either gradationally overlies the sequence via

facies FlL ar sharply overlies any of the obher described facies in

a sand—-body.

The Murres Formabion din the northern Kobat and in Potwar de
more bthicker bthan in mmuth@rn Kaoblat at Pathan Algad. Major sand-
hodies lie towards the base bobh at stratobype and at Fathan Algad.
The same river could not have flowed at the same Lime in two widely
apart  easb-west parallel locations specially when flow was
generally ffwm north to south. This sugpests that either there was
a considerable time gap bebtween the strata of the Murree Formation

:

at these localities or alternatively they were deposited by

different streams or some combination of both. The basal strata at
stratotype which appears to represent the initial river palth
could, therefore, be older than the basal part of the exposure at

Fathan Algad.
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Prathan Algad ares on bhe obher bhand possibly was on the

Gem and, therefore, tiver flowed here

ef bhe Murres civer

perial by only for a shortwhile and avuleed again towards east,

e i SR expert gnced repeated river passage and repeatedly was

----- flood plain area of the Murree viver, consequently,

e bomdrig orelic sand-clay units.

[

The Finivg-upward segquences and the patbern of the Lithofacies

tion of the

momiatbion sugyests a meandering river. During depos
renam d maridsbone unit at sbratobype subsidence rabe was low, but the

rhrsddernoe rate becane higher in the uwpper porticons of the secbion

whearse Thidaok clay facies predominate.

Ivi provenance studies majority of the samples fall in the
domain af the recycled orogen provenance on both the FL and GuFlt

=

FETTiary diagrams. The recycled orogen provenance field has beer

Further subdivided into subduction com plex, collision orogen and

forelarnd u plift  Lerrain by Dickinson and Sweeczek (1979 . Ma Jority
Gt The wsam ples on the Qplvmbswm diagram falls in the domain of
Collision aro gan provenance. Therefore, ternary diagrams suggest
that the sandston e of the Muerres Formation was derived from
frecryoled oro gen sowrce areas edtber from collision orogen o

+ O - . . . '
s Lavid g plift souwrces or combination of hoth.
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The age of the Harree Formation has been established as

3. Durivg Miocene the Tethys

i g CBhah, 19773 Tahirkheli, L*

Mad almost subducted bheneath the Fobhisbtan and Ladakh Island aro

wlted

art & Obbiger, 1989 . This subduction e

alovy the MRT (Boss

avreh Low to mediww grade

in the esposure of ophiclites

amorphic rocks fe.g., the mafic to wltramafic rocks along HET

[Erp N

rocks are Lnferred

ard also metamorphic roocks scubth of it). These
o bhe the wltimate souwrce of bthe Merree Formabtion (Bossart £

Obtiger, L9895,

L10




4L

EIFERERTIES:

shy Lo BAe oand Freiend, P. F., 188%, Uplift and evolubion of
The Himalavan orogenic belis as recorded Qv bthe Fore
diments

Fh-Ba,

Abbasi, T. ., and Khan, Mafe, 1990, Heavy mingral analyvsis
The mol 2 sebiments,  Transg  Indus  Rang Kohatl,
Faleietan., Geol. Ball. Wiy, Peshawar #2383, &

S u

Ahmad, T., 198%, Sedimentology & Hbtructure of Southern
Kohat. Trang Todus ranges, Frabistarn. Livipuled . Fha D
Dissertabion, University of Cambridge, UK. 210p.

Allev, Yool 1964, Studies in fluviatile sedimentations Six
cyclothems from the lowsr old red sandstone, Anglo-Welsh
Rasin. Sedimentology 3, L63-~-198.

Allen, J.R.L., 1970a. Sbtudiss in Ffluwviabile imentations A
compariecn of  Tfindng upward cyvoelothems with special
reference o CCRR TG & T ke oo prexs d ol d o argd
interpratation. J.sed.Pel., 40, S98-323%.

Allen, JoRJL.y, 1970B. A gquantitative model of grain size and
sedimentary structures in lateral deposits. Geol. J. 7, 189
146,

Allen, J.R.L.y 1974, Studies in fluvisbile sedimentation:
Implication of pedogenic carbonabte units, Lower 0ld Red
Sandstons, fAnglo-Welsh outerop. feol. Jour. 9, 181208,

Allern, JoRal., 1982, Sedimentary Structuwres, Thedr Charaocber
and physical basis., Vol.l1l & 2, Elsevier, fMmsberdam, HY93p
and &&H3p.

CAllen, JoR.ll., 1983, Studies in fluviatile sedimenbatiown: bars,
bar~complexes and sandsbtone sheets (dow-sinuvosilty braided
sbreams) ivn the Hrownstones (L.Devonian), Welsh borders.
Sed. Geol. 33, 237-293.

Allen, J.oR.L. 1984, Parallel lamination developed from upper
stage plane beds: a model based on bthe larper coherent
gbructure of the turbulent boundary laver. Hed., Geol. 39,
R -RaR., '

Arehe, Al 1983, Coarse grained meander lobe deposits in the
Jarama river, Madrid, Spain. Spec. Fub.,  Int. 8%

Sediment. &, 313332,

Bajwa, M.S5., Bhams, F.f and Shiki, T., 1987. Geochemisbry of



garnet  gra ive  From  the  FMorrses
frawalpindi and Fhelum Distric
ol . Pundab Undv.e @ (R I
by e By and Jackson y e Cha . I 'ifq A 1
ralodstan (scale Lo, 000,000k

Biwalil Formations,
gy Funjab. Pakidstan, Geol.

slogical map of
aol. Sueve Pakisbtan.

wl ek, Mo D38E. Sedimentary petrology. WeH. Freeman and Comparny,
Doy Francisco, 364,

rhanerbs e Eaday
vl rick.

AP, Bedimentation in the meandercing river
ook, Jowe. Geol. 7, 93138,

of codarse-prained braided stream
:a 1 Luvium. Transactions of the Roval Society of Edinburgh.
Sacrth Beilo 70, 18121

leerle, Bed., 1872, Structbures

gl Faoand Obbiger, R.o, 198%. Rocks of the Murree Formabions:
indicators of a descending forseland basin of late
FPaleccens to middle Eocene age. Eclogae Geol. Helw., 8271
L33-168.

e  #. L&EE. Sowe accournt of the sallt mines of the Punjabo
Fdd atic Soc. Bengal Jowe.s 1, 145147,

XSRS T

Calitins, J.A., Qffield, T.W., Abkdullah, S.K.M., and ALi,8.7T.,
1975, Geology of the southern Himalayva in Hazara, Palistan
avid adiacent areas: LS. Geol. Surv.e, Prof. Paper 771G,

e fau

Collinsoan, J.D., 1986, fAlluvial sediments. In: Sedimentary
Evnwviromments and Facies (H. G, Reading ed.)8nd  Ed.
EBElackwell Scientific Publ. Co. Oxford, 20-682,

Coleman, J.M., 1969, Brahmapubra viversy Channel procssses and
sadinentation. Sed. Geol. 3, 1859~ "“' $

Coward, MobPay, Jan, M.Q., Rex,D., Tarney,J., Thirwall, M. and
Wividley, B.F., 1988, Geotectonic framework of the
Himal aya of worth Pakistan. Jouwe. Geol. Soc. London 13%,
2B B08,

Dict L‘x‘s.z-(:nn., Wal. and Suezelk, CoA.y 1979, Plate tectonics
arnd sandstone composition. M. ARG, Bull. 63, 21642168,

Pickinson, W.k., Beardy, L.%., Brakenridge, G.R., Erjavec, J.l.,

Fervguson, R.Cu, Kerry, F.l., Knepp, R.A., Lindberg, F.A. and

Ry breryg, F.T., 1983, Frovenance of north American

?‘h{-lnewmzcuw sarndstongs in relation to tectonic setting.

Geol. Soc. Am. Bull. 94, 2RR-23%.

j— 1L



A ocorntribution to the study of Boosne in we
Fadadstan  and 11 krdda Fart 0. The pgeology of
shandard shdong dn bhe we 1 Fungalo and in the Kohat
Disbrick, Geol, Soc. London, Guart. Jowr. 107, 159-178.

Bame s

20 e Bafay, and Lawerencs,

the lithosphere in Pabistarn.
o

27w

Farah, M., Ghazanfar, A., Do
Fro Doy 1384, Evolubion of
Techonophysics 105, (2078

Fabtmi, Mub., 1973, Lithostratigraphic units of the Kobab-Pobwar
Feovines Indus Basin, Palisban., Geol. Sueve Pakisban

Mem. 10, B0,

Fielding, C.R., 1%8&. Fluvial chamnel and overbank deposit from
the Westphalian of the Durham coalfield, HNE England.

P

Sedimentology 33, 119-140.

Freshney, E.C.o, 1970, Gyelic sedimentation iv the Petrockstow
Basin. Froc. Ussher Soc. 8, 179189,

Foriedmearn, GuaM,y and Sanders, JoBE., 1978, Peinciples of
sadimentology. John Wiley and sons. Mew Yorlk, Chichesber,
FBrisbane, toronto, Singapore. 792%p.

Friend, P.F., 1978, Distincbive feabures of some ancisnt edver
gysbens. In: Fluvial sedimentology, Mially, A.D., fed.dy
Canada. Soo. Fet. Geol. Mem. &, 531-542.

Feriend, PF.F., Slater, M. J. and Williams, &, C., 1979, Vertical
and lateral building of river sandstone bodies, Ebro Basing
Spain. Jour. Geol. Boc. London., 136, 3%-46.

Galloway. W.i., 1985, Meandering streams- HModern and Ancient.
The spectrun of  Fluwvial sysbems. Iny Recognition of
alluwvial depositional eveabems  and bhedr resource
potential. %I short course MNo.l9, 1451646,

Gansser, M., 1977, The great subure zone between Himalaya and
Tibet. Collog. Intern. CHRE 268 (Himalaya. Sei. De la
tarrad, 181192,

Gill, W.D., 1932, Stratigraphy of the Siwalibk sevies norbhern
Fotwar, Funjab, Pabistan. Geol. Scc. London. Guat. Jour.
107, 37%4-394. ‘

Graham, JaRo, 1983, Analysis of the upper Devonian Munster Rasin,
an eaxample of a fluvial distributory system. Spec. Fub. Int.
Fes. Sed. &, 473483, '

Greco, A., Martinotti, G., Fapribz, K., Ramsay,J.G.,and
ey R,y 19869, The crystalling rocks of the Kaghan valley (BE

Malkistan). Ecologae geol. Helv. 82728, &29-653.

L13



s mrEa Ja0uy Mackenzie, D.B.y and Moelubbdin, D.G. 1983,
Shratification dv bthe modern sands of the red riwver,

Louisiana. . Geol. 71, S66-5480,

tfaem sy JaUey and Fahnestook ReWh. 1965, Stratification, bedform,
and flow phenomeng (with an example From the Rio Granded.
Tos primary sedimentary sbtructures and thedr hydrodynanic
inberpretation (G4, Middlebton ed.d Spec. 17Pobk. SERPH.
L&, 84115,

raring D.R. and Walker BLGL,
rpeeeted  from
’ et on

e s J.00y Sowbbhard T 8., Sp
L8775 Dmpositional  environment  as Lol
i mary merrhacry stiruebures atid
seguences. SERM. Shoeb cowrss &, L18Llp.

Flexeimi g ey Bowbthard, JoB., Spearinog, DJR.y and Walker, R.G.,
1368, Strucbtures and  seguencess dn clastic rochkess SERPM.
Short Cowrse Motes 9. 1-1 teoe 851

Trig=rsall, V., and Suezel, C.f., 1979, Pebroloygy and
provenance of Meogene sand from Mioobsar and Bengal fans. |
DAL sites 11 and 218, Jeur. Hed., Pebt. 49, L217-1228,

int bars in the

BAG,

FJactsson, He Goll. 1976, Depositional model of o
lower Wabash River. Jour. Sed. Pet., 46, S74

Javri, M.aGa, 1977, The mineralogy, pgecchemistry and petrology of
Suwat Kohistan., Horthwest Fakistan. Ph.D. dissertation,
London Univ. 349.

Favriy,  Mul.y, and Howie, R.f., 1981, The mineralogy and
geochemistry of the metamorphosed basic and wltrabasic
rocks af bthe Jijal Complex, Kohisbtarn, NWPakistan. J.FPet.
22, BE-LEE6.

Fohivvson, MaMe, Stix,t., Tauxe,l., Cerveny, F.F. and
Tahirkheli, R.A.K., 198%., Paleomapgnetic chronology,
fluvial processes and tectonic dmplications of the
Siwalil deposits near Chingi village, Pakistan. J. Geol.
3, 1. 87-40.

iiﬁrﬁiaizaﬁg Codul., 1846, The Salt mines of Kohat, In: Lehebuch der
Salinenkunde Berlin. Kazanbtsev, Y. V. and Kamalebdinov, M.
1877, Salt Tectonics in the Souwthern part of the Cis-Uralian
foredeep and its conmection with thrusts., Geotectonics. 11,
29428, *

L~&13i‘Fg Maf.y 1970, Explanatory notes on the geclogy of
southeastern Hazara to accompany bthe revised geological
mapy JhoGeol.R.A.Conds 1%, Wein, 25-61.

{"ewatf@v, Moy 1973, Fluviatile fining uwpward cycles and Tthe

- — ‘ 1i4



magnitudes of paleccharmels. Geol. Mag. 110, 268876,

Lanr fFluwico—
sy raphy oo f the

vl Boe. 40, LEYe

solegr, Ma R, 1974, Lower Border Group (Towrnaids

el tadic sl imenyhation and pakeac
Morthumberland Basin. Froc. Yorks.
185,

{

M. Fay B8, Sedimevbolagye: Processes and products
George AL arnd Urwiv, B ey 394 p.

Lavey, FB.f., 1978, Bedform distribution and dinternsd
stratificebtion of ocoavrse- d  podat bars,  Upper
Congaree Miver, 8.0, In: Fluvial sedimenbology (AL 0. M

gd.d, Mem. Can. Soc. pel. Geol. 5, Calgaey, 1081

Mader, L., L198%, Fluvial conglomerates in conbinenbal rced beds of
the Buntsandstein (Lower Triassicd) in bhe Eifel (F.R.G0)
and  their palecenvirtonmental, paleogeographical  and
palectectonde significance. Sed. Geol. 44, 1-64.

Flathiisen, M.E., and Vondrs, CoF., 1983, The Flweial and
prroclastic deposits of the Cagaran Rasin, Horthern
Ladzon, Fhilippines-an example of non-marine voleanioclast
sedimenbabion in o oan interarc basir. Trvba Res. Bed.
Gedimentology 30, 369392,

MeGowen, JuH, and Garner, L.E., 1970, Physiographic feabures and
shratification types of coarse-grained point bars: modern
and ancient examples. Bedimentoloygy 14, 77-L111.

Mekee, E.D., Crosby, E.J., and Berryhill, H.L.JR., 1967, Flood
teposites, Bijow Creel, Colorado, June 1965, J.Sed. Petb.
a7, BR9-851.

Meissner, C.R., Jan, M.M., Rashid, M.H. and Hussain, M.

1974, Stratigraphy of the Kobab Quadrangle, Palkistan.
UEGES. Feof. paper 716D, 1-30.

Mially, fA. D., 1978, Lithofacies btypes and vertical profile wmodels
in braided river depositss a summary. Ins Fluwvial
Sedimentology A.D. Miall ed.) . Mem. Canadian Boc. Pet.
Geol. %, 997604,

TMially ALD., 1985, Architectural-element analysis: O new method
of facies analysis applied Lo fluvial deposits. Earbth-8ci.
Rev. #2, 261308,
Melnar, F.oand Tapponier, F., 197%, Cenozoic tectonics of Asias
aeffects of a conbinental collision. Science, Wash. 189,
419886,

Moody-8tuart, M., 1966. High and low sinuosity deposits with

115



smamples from the Devonian of Spitzbergen. J. Sed. Pet.
11081117,

L L/ g & Tict

Cu e Wiele
rallel lamivaltion asg i 1L
ymport and low-amplitude bed

sl domsel

L 36y

g dgrime . GuEay 19100 Prelinin _
classification of the Tertiary
Tordia. India Geol. Swev. Reos.

o f

Liks with mammal

Foadprdnig

Galay The ocorrela

Goxors r e, Thad, Recs. 43,

Cavifoldy, El.8., 19180 Hotes oo structure and
norbhwest Punjab. India Geol. Suwev. Rec

vhratigraphy din the

45, 1ET-LE0.

Fhdvibk, SMafie, 1983, Saody fluwedial point bar sedimerbts from the
middle Eocene of Dorsebt, Evngland.Ins FModern and ancient
Fluwial systems (F.D0. Colli oA YR Juoo Lewin eds.d
Speo. Ful Int.fAss.y, Sedimentology &, 355368,

Fowell, C.M., 197%. 8 speculative tectonic history of
Fraledistan and swrroundings: some consbraints from Lhe
Trebian Ooean. Ine Geodynanmid of Fal barr (Farah. f. and
Dejong, ., eds.? Geol. Surv. Pakistan, Quetbta, S9-24.

hwraeshi, AW,y and Tanoli, S.H. 1992, FEarly molasse sediments
Muceraee Formatbion) in Pathan Algad, southern Kohat. Geol.
Bull. Univ. PFeshawar 25, 8593,

FRashid, M.f., Hussain, M., Master,J.M., and Meissner, C.R.,
LE6E. Mineral deposits of the easbern Kohabt regdorn,
Falkistan: Pakistan Geol. Surv. Recs., ve 13, pht. &,

Fay, F.HK., 1976. Structure and sedimentolo gical history of the
cvaerbank deposite of a Mississippl river point  bar.
JeBed., Pet., 46, 788-801.

Raynolds, R, G.He and Johnson g GaDay 1985, Rates of Mecpgene
depositional and deformational processes, norbthwestern
Himalayan fordeep mar gavey Faldsaban, Ine: The chronology of
the geol agical records (Snelling, M. T, ed.) Geol. Soo.
London., Mem. 10, £297-311.

Reiveok s H.E., and Singh, I.EB., 1980. Depositional sedimentary

environments with reference to terrigencus clastics.

Second revised and pdated editiony Bpringer-Verlag

Berlin MHeidelber g MNew York., S549p.

L}.E-*L., Bofa., 1984, Froximal brraidplain deposits in the Middle



Devorian Malbaie Formation of sashern O

Canada. Sedimenbolagy 31, &7E-&%6,

sy Quebec,

Shalk, . M. L. 1977, Stratigraphy of Palkistan., Geol. Suare.

Pabdstan. Mem. 18

Simons, D.Re, Rdohard

a1y Eu Ve and Mording, CLF. B9EE
Bedimantary strucbures

ol v W
gorated by fTlow din alluwial
channels. In: Primary sedimentary sbrucktarss and bthedr
hydradynanic interpretabicn (GoW. Fiddled wda ). Spec.

Fabl. Soc. econ. Faleonb. Miosr. Tulsa, 18, 3408,

beaors angd bradding in the lowe
Geol. Boo. P BFull.

“

Smidth, M.D., L1971, Transzver
Flatte wiwver, MNebras
H40

o R0,

2

Stewart, D.J. 1380, A meander bellt sandetone of the Lower
Cretaceons of southern England. Sedimentology &8, 1-20.

Tahirkheli, . f. K., Mabtbtaouer, M., PFroust, F. and Tapponnier,
Frao 1979, The India-Burasia subwre zone in norbtbhern
Fakistan: Synthesis and dnterpretation of r vt dalba al
plate scale. In: Geodynamics of Pakistan (Farah, &, and
Dejonyg, K. A eds.) Geol. Soreve FPakdebean. 188130,

Tahirkheli, R.OL, 1979, Geology of Kohistan and adjoining
Furasia and Indo-Pabkistan continents, Pakistan. Geol.

Bull. Univ. Peshawar 11, 1-31

Tahirkheldi, R.AGK., 13988, Geology of the Himalaya, HKaraboram and
Hindu-kKush in Pakistan. Spec. Tssu. Geol. Bull. Univ.
Feshawar 1%, Slp.

Tanoli, S.K.,; Abbasi, I.8., Rehmarn,0., Riaz,M. and Tgbal, H.,
1992, Early Cenozoie deltaic sedimenbaticon dn the Kohat
Rasin, Abstract in First south Asia Geological Conpgress,
Islamabad, Palkistan. '

Tanoli, S.K., Riaz, M., Abbasi, T.0., Rehwan, 0., Igbal, H. and
Malily, A., 1993. Chashmal Formation: A new Early Eocene
Formation in the Kohat Basin. Pal. Jowr., Peb.Tech. 2,
3741 :

Treloar, F.J., Froughton, R.D., Coward, M.F., Williams, M.P.,

' and Windley, B.F., 1%98%a. Deformabtion, metamorphism and

imbrication of the Indian Flate, south of the Main Mantle
Thrusty northern Palkistan.SoMet.Geol, 7, 1L1-186.

Treloar, F.J., Williams, M.F. and Coward, M.F., 198%Db.
Metamorphisn and crustbal sbacking in the northern Indian

Flate, northern Pakistan. Tectonophysics 165, 167184,

117



Duba, L

Thie synbaris of bthe nerthwesstern Himalayva.
fieed . -

Guvevea i a &8,

o MW Him
i, Reo.,

Wadia, D.M., 139313 The
caecebomlos and oroper

ko4

Wallker, R.G, & Cant
Facies modaels.

serias b,

ansilent sbra
Ruldana Fo

porcer red beds
af noeth Paliilsatban

Wells, M.AL, 1983 "
Early-tiddle Eoo
Ink. A

4. Macrdre & SR
early Cenezocic  RKohat  basin and adiac
Indo-Falkisbans wrip bl Flva B chi s
FMichigan, #Anrm. Arbor. 4630,

Lo A
ERTwlak o RO TCE:
geebactd carey Urtdne.

Wells, M.A., 198

Williams, M.f., 198%. The structure and mebeamcorphdsm of the
vorbhern margin of the Indian Plate, northern Pakid y
Unpubl.Pha Do Dissertabion, University of London, 2985p.

Wyrme, ACB., 1874, Notes on the geology of the nedlghborhood of
Meerd hill statiow in the Pundab. Ibid. Recs. 7, 6474,

Wyrnme, ARG, 1877, Motes on the Tertiary zone and underlying
rocks of the MW Punjab-Rec. Geol. Suwrv. India 10, pb. 3
107138,

v

118 _ v .





